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(57) ABSTRACT

An image forming apparatus comprises: a piezoelectric sen-
sor that produces an variable output signal depending on the
amount of infrared energy; a human body detecting device
having a lens that forms a detecting area serving for detecting
if the person enters; a peak detector that detects a peak of an
output signal produced when the person enters the detecting
area; an offset voltage judgment portion that judges if the
output signal falls to the offset voltage after the peak; a mov-
ing direction judgment portion that judges the direction in
which the person moves in the detecting area; and a mode
controller that switches the power supply mode to a first mode
if the power supply mode is found to be a second mode
requiring less power than the first mode while the moving
direction judgment portion judges that the person moves
toward the image forming apparatus.
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IMAGE FORMING APPARATUS, POWER
CONTROL METHOD, AND RECORDING
MEDIUM

This application claims priority under 35 U.S.C. §119 to
Japanese Patent Applications No. 2012-193616 filed on Sep.
3, 2012 and No. 2012-203651 filed on Sep. 14, 2012, the
entire disclosures of both of which are incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to: an image forming appa-
ratus that is capable of detecting movement of a human body
to the image forming apparatus itself and changing its power
supply mode on the basis of the results of its detection; a
power control method to be implemented by the image form-
ing apparatus; a recording medium storing a power control
program for making a computer of the image forming appa-
ratus implement the power control method.

2. Description of the Related Art

The following description sets forth the inventor’s knowl-
edge of related art and problems therein and should not be
construed as an admission of knowledge in the prior art.

Some copiers, printers, facsimiles, and image forming
apparatuses such as multifunctional digital machines that are
referred to as multi-function peripherals (MFP) having
copier, printer, and facsimile function, for example, are pro-
vided with a human body detecting device that detects if a
person moves toward the human body detecting device itself,
in order to return to normal operation mode from power
saving mode and start warm-up operation.

As an example of such a human body detecting device,
there has been known a human body detecting device having
a piezoelectric sensor (also referred to as piezoelectric infra-
red sensor) that is capable of detecting a human body with less
power consumption at low costs. Such a piezoelectric sensor
detects a temperature change when a person moves in a detec-
tion range of the piezoelectric sensor itself.

As an example of such a human body detecting device
having a piezoelectric sensor, Japanese Unexamined Patent
Publication No. H06-043025 discloses a human body detect-
ing device having a single piezoelectric sensor and a concen-
trator each of whose sectional detecting areas consists of
different sizes of effective detecting areas. As for this human
body detecting device, when a human body moves through a
plurality of effective detecting areas, the piezoelectric sensor
detects far infrared energy emitted by the human body and
produces different output frequencies depending on the effec-
tive detecting area. The difference in the duration or the
output frequency allows the human body detecting device to
identify the detecting area entered by the human body.

This piezoelectric sensor detects a temperature change
when a person enters a detection range of the piezoelectric
sensor itself. Being installed on an image forming apparatus
such as that mentioned previously, the piezoelectric sensor
has difficulties in detecting a temperature change which is too
small in this case: in the image forming apparatus, the piezo-
electric sensor is usually directed against the direction in
which a person (user) moves toward the piezoelectric sensor
itself with an intention to operate the image forming appara-
tus. Therefore the image forming apparatus hardly identifies
the direction in which a person moves toward the image
forming apparatus itself or the position at which he/she
pauses.
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The image forming apparatus possibly may detect that a
person pauses just in front of itself but hardly judges whether
or not this person has an intention to operate the image form-
ing apparatus. In order to judge whether or not he/she has an
intention to operate the image forming apparatus, the image
forming apparatus needs to detect whether or not any button
is pressed on its operation panel or needs to detect, with an
electrostatic sensor installed on its operation panel, whether
or not user’s hand is close to the operation panel.

Japanese Unexamined Patent Publication No. 2000-
132755 discloses a technique of avoiding errors caused by
unnecessary heat rays incoming in certain directions by put-
ting a lens block (light-proof chip) in a sensor container case.
(First Object)

The human body detecting device described in Japanese
Unexamined Patent Publication No. H06-043025 identifies
the detecting area entered by a person but hardly identifies the
direction in which this person moves unless he/she enters
more than one detecting area. More specifically, if an image
forming apparatus is provided with the human body detecting
device described in Japanese Unexamined Patent Publication
No. H06-043025, a user possibly reaches the image forming
apparatus, before the human body detecting device identifies
the direction in which he/she moves, only to find that he/she
has to wait so long until the image forming apparatus
becomes ready for operation, i.e.; until the image forming
apparatus successfully returns to normal operation mode
from power saving mode.

It is a first object of the present invention to provide: an
image forming apparatus that is capable of decreasing user
wait time before it becomes ready for operation, by judging in
an early stage if a person moves toward the image forming
apparatus itself; a power control method for the image form-
ing apparatus; and a recording medium storing a power con-
trol program for making a computer of the image forming
apparatus implement the power control method.

(Second Object)

In order to judge whether or not a user has an intention to
operate the image forming apparatus, the image forming
apparatus needs to detect whether or not any button is pressed
on its operation panel or needs to detect, with an electrostatic
sensor installed on its operation panel, whether or not user’s
hand is close to the operation panel.

More specifically, if the image forming apparatus is
capable of reducing power consumption by entering power
saving mode when not in use and returning to normal opera-
tion mode when there is a user with an intention to operate the
image forming apparatus itself, the image forming apparatus
returns to normal operation mode only if detecting that any
button is pressed on its operation panel or only if detecting,
with an electrostatic sensor installed on its operation panel,
that user’s hand is close to the operation panel. In this case,
the user possibly reaches the image forming apparatus only to
find that he/she has to wait so long until it becomes ready for
operation, which is very troublesome.

On the basis of the technique disclosed in Japanese Unex-
amined Patent Publication No. 2000-132755, an image form-
ing apparatus has achieved in avoiding errors caused by
unnecessary heat rays incoming in certain directions but still
has not solved the problem mentioned above.

It is a second object of the present invention to provide: an
image forming apparatus that is capable of decreasing user
wait time before it becomes ready for operation, by judging in
an early stage if a user has an intention to operate the image
forming apparatus itself; a power control method for the
image forming apparatus; and a recording medium storing a
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power control program for making a computer of the image
forming apparatus implement the power control method.

The description herein of advantages and disadvantages of
various features, embodiments, methods, and apparatus dis-
closed in other publications is in no way intended to limit the
present invention. Indeed, certain features of the invention
may be capable of overcoming certain disadvantages, while
still retaining some or all of the features, embodiments, meth-
ods, and apparatus disclosed therein.

SUMMARY OF THE INVENTION

A first aspect of the present invention relates to an image
forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage waveform
with a positive or negative peak based on a certain level of
offset voltage, depending on the amount of infrared energy
emitted by a person;

a human body detecting device having the human body
sensor and a lens being positioned to cover the human body
sensor, the lens being configured to form a detecting area
serving for detecting if the person enters, the detecting area
extending outside of the human body detecting device itselfin
front of the image forming apparatus;

a peak detector being configured to detect a peak of an
output signal produced by the human body sensor when the
person enters the detecting area;

an offset voltage judgment portion being configured to
judge if the output signal falls to the offset voltage after the
peak detected by the peak detector;

a moving direction judgment portion being configured to
judge the direction in which the person moves in the detecting
area, on the basis of the peak value of the peak detected by the
peak detector and the judgment result obtained by the offset
voltage judgment portion; and

a mode controller being capable of switching a power
supply mode for controlling power supply to each portion of
the image forming apparatus, between a first operation mode
and a second operation mode requiring less power than the
first operation mode, the mode controller being configured to
switch the power supply mode to the first operation mode if
the power supply mode is found to be the second operation
mode while the moving direction judgment portion judges
that the person moves toward the image forming apparatus.

A second aspect of the present invention relates to an image
forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the amount of
infrared energy emitted by a user;

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the human
body sensor, the fly-eye lens being configured to condense
infrared light, the fly-eye lens consisting of a plurality of
single lenses each being configured to form:

a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human body
detecting device itself and near and in front of the image
forming apparatus;

asecond detecting area serving for detecting if the user gets
very close to the human body detecting device to take any
action, the second detecting area being positioned outside of
the human body detecting device itself and very near and in
front of the image forming apparatus; and
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4

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in between
the first and second detecting areas;

a non-detecting time detector being configured to detect a
non-detecting time if the human body sensor produces a low
level of output signal corresponding to the presence of the
non-detecting area after an output signal corresponding to the
presence of the first detecting area;

an entry judgment portion being configured to judge if the
user, who is in the first detecting area, enters the second
detecting area by moving a part of the user’s body forward
over the non-detecting area, on the basis of either one of both
of the magnitude and the frequency of an output signal pro-
duced after the non-detecting time; and

a power controller being capable of switching a power
supply mode for controlling power supply to each portion of
the image forming apparatus, between a first operation mode
and a second operation mode requiring less power than the
first operation mode, the power controller being configured to
switch the power supply mode to the first operation mode, if
the power supply mode is found to be the second operation
mode while the entry judgment portion judges that the user
enters the second detecting area by moving a part of the user’s
body.

A third aspect of the present invention relates to a power
control method to be implemented by an image forming appa-
ratus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage waveform
of'a positive or negative peak based on a certain level of offset
voltage, depending on the amount of infrared energy emitted
by a person; and

a human body detecting device having the human body
sensor and a lens being positioned to cover the human body
sensor, the lens being configured to form a detecting area
serving for detecting if the person enters, the detecting area
extending outside of the human body detecting device itselfin
front of the image forming apparatus;

the power control method comprising:

detecting a peak of an output signal produced by the human
body sensor when the person enters the detecting area;

judging if the output signal falls to the offset voltage after
the peak detected by the peak detector; and

judging the direction in which the person moves in the
detecting area, on the basis of the peak value of the peak and
the result of the judgment on the output signal,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second opera-
tion mode requiring less power than the first operation mode,
the power control method further comprising switching the
power supply mode to the first operation mode if the power
supply mode is found to be the second operation mode while
it is judged that the person moves toward the image forming
apparatus.

A fourth aspect of the present invention relates to a power
control method to be implemented by an image forming appa-
ratus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the amount of
infrared energy emitted by a user; and

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the human
body sensor, the fly-eye lens being configured to condense
infrared light, the fly-eye lens consisting of a plurality of
single lenses each being configured to form:
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a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human body
detecting device itself and near and in front of the image
forming apparatus;

a second detecting area serving for detecting if the person
gets very close to the human body detecting device to take any
action, the second detecting area being positioned outside of
the human body detecting device itself and very near and in
front of the image forming apparatus; and

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in between
the first and second detecting areas,

the power control method comprising:

detecting a non-detecting time if the human body sensor
produces a low level of output signal corresponding to the
presence of the non-detecting area after an output signal
corresponding to the presence of the first detecting area; and

judging if the user, who is in the first detecting area, enters
the second detecting area by moving a part of the user’s body
forward over the non-detecting area, on the basis of either one
ot’both of the magnitude and the frequency of an output signal
produced after the non-detecting time,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second opera-
tion mode requiring less power than the first operation mode,
the power control method further comprising switching the
power supply mode to the first operation mode if the power
supply mode is found to be the second operation mode while
it is judged that the user enters the second detecting area by
moving a part of the user’s body.

A fifth aspect of the present invention relates to a non-
transitory computer-readable recording medium storing a
power control program for making a computer of an image
forming apparatus execute processing,

the image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage waveform
of'a positive or negative peak based on a certain level of offset
voltage, depending on the amount of infrared energy emitted
by a person; and

a human body detecting device having the human body
sensor and a lens being positioned to cover the human body
sensor, the lens being configured to form a detecting area
serving for detecting if the person enters, the detecting area
extending outside of the human body detecting device itselfin
front of the image forming apparatus;

the power control program comprising:

detecting a peak of an output signal produced by the human
body sensor when the person enters the detecting area;

judging if the output signal falls to the offset voltage after
the peak; and judging the direction in which the person moves
in the detecting area, on the basis of the peak value of the peak
and the result of the judgment on the offset voltage,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second opera-
tion mode requiring less power than the first operation mode,
the power control program further comprising switching the
power supply mode to the first operation mode if the power
supply mode is found to be the second operation mode while
it is judged that the person moves toward the image forming
apparatus.

A sixth aspect of the present invention relates to a non-
transitory computer-readable recording medium storing a
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power control program for making a computer of an image
forming apparatus execute processing,

the image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the amount of
infrared energy emitted by a user; and

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the human
body sensor, the fly-eye lens being configured to condense
infrared light, the fly-eye lens consisting of a plurality of
single lenses each being configured to form:

a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human body
detecting device itself and near and in front of the image
forming apparatus;

a second detecting area serving for detecting if the user gets
very close to the human body detecting device to take any
action, the second detecting area being positioned outside of
the human body detecting device itself and very near and in
front of the image forming apparatus; and

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in between
the first and second detecting areas,

the power control program comprising:

detecting a non-detecting time if the human body sensor
produces a low level of output signal corresponding to the
presence of the non-detecting area after an output signal
corresponding to the presence of the first detecting area; and

judging if the user, who is in the first detecting area, enters
the second detecting area by moving a part of the user’s body
forward over the non-detecting area, on the basis of either one
otf’both of the magnitude and the frequency of an output signal
produced after the non-detecting time,

wherein a power supply mode for controlling power supply
to each of the image forming apparatus can be switched
between a first operation mode and a second operation mode
requiring less power than the first operation mode, the power
control program further comprising switching the power sup-
ply mode to the first operation mode if the power supply mode
is found to be the second operation mode while it is judged
that the user enters the second detecting area by moving a part
of'the user’s body.

The above and/or other aspects, features and/or advantages
of'various embodiments will be further appreciated in view of
the following description in conjunction with the accompa-
nying figures. Various embodiments can include and/or
exclude different aspects, features and/or advantages where
applicable. In addition, various embodiments can combine
one or more aspect or feature of other embodiments where
applicable. The descriptions of aspects, features and/or
advantages of particular embodiments should not be con-
strued as limiting other embodiments or the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the present invention are
shown by way of example, and not limitation, in the accom-
panying figures, in which:

FIG. 1 is a schematic view illustrating a structure of an
image forming apparatus according to a first embodiment of
the present invention;

FIG. 2 is a block diagram illustrating an electrical configu-
ration of the same;

FIG. 3A illustrates how a human body (heat source) passes
through a detecting space in a direction indicated by an arrow;
FIG. 3B illustrates charge distributions on the surface of a
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human body sensor and a waveform of output signals of the
human body sensor when a person passes through a detecting
space;

FIG. 4A is a schematic view illustrating the image forming
apparatus laterally for a better understanding of the direction
and the detecting area of a human body detecting device; FIG.
4B is a schematic view illustrating the image forming appa-
ratus squarely and obliquely downward from top for a better
understanding of the detecting area of the human body detect-
ing device;

FIG. 5 illustrates charge distributions on the surface of the
human body sensor and a waveform of output signals of the
human body sensor when a person moves toward the image
forming apparatus;

FIG. 6 illustrates charge distributions on the surface of the
human body sensor and a waveform of output signals of the
human body sensor when a person, who entered the detecting
area, moves away from the image forming apparatus;

FIG. 7 illustrates charge distributions on the surface of the
human body sensor and a waveform of output signals of the
human body sensor when a person passes through the detect-
ing area laterally to the image forming apparatus;

FIG. 8 illustrates charge distributions on the surface of the
human body sensor and a waveform of output signals of the
human body sensor when a person, who moves in the detect-
ing area laterally to the image forming apparatus, gives a turn
to move toward the image forming apparatus;

FIG. 9 is a flowchart representing a power control opera-
tion to be conducted by a controller of a power control block;

FIG. 10 is a flowchart representing another power control
operation to be conducted by a controller of the power control
block;

FIG. 11 is a flowchart representing yet another power con-
trol operation to be conducted by a controller of the power
control block;

FIG. 12 is a view to explain a human body detecting device
according to a second embodiment of the present invention;

FIGS. 13A and 13B are a schematic plan view illustrating
a lens of the human body detecting device;

FIG. 14A is a schematic view illustrating the image form-
ing apparatus laterally for a better understanding of the direc-
tion and the detecting area of the human body detecting
device; FIG. 14B is a schematic view illustrating the image
forming apparatus squarely and obliquely downward from
top for a better understanding of the detecting area of the
human body detecting device;

FIGS. 15A and 15B are a view to explain an ordinary
operation of a human body sensor;

FIG. 16 is a schematic plan view illustrating the positions
of the image forming apparatus and the detecting area;

FIGS. 17A, 17B, and 17C illustrate active detecting areas
of'the human body sensor and a waveform of output signals of
the human body sensor when a person moves toward the
image forming apparatus to put his’her hand close thereto;

FIG. 18 is a flowchart representing the user approach and
action detection operation of the image forming apparatus;

FIG. 19, which relates to a third embodiment of the present
invention, is a schematic plan view illustrating the positions
of the image forming apparatus and the detecting area; and

FIGS. 20A and 20B are a schematic plan view illustrating
a lens of the human body detecting device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following paragraphs, some preferred embodiments
of'the invention will be described by way of example and not
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limitation. It should be understood based on this disclosure
that various other modifications can be made by those in the
art based on these illustrated embodiments.

First Embodiment

Hereinafter, one embodiment of the present invention will
be described in combination with the accompanying draw-
ings.

FIG. 1 is a schematic view illustrating a structure of an
image forming apparatus 1 according to a first embodiment of
the present invention; FIG. 2 is ablock diagram illustrating en
electrical configuration of the same.

As illustrated in FIGS. 1 and 2, the image forming appa-
ratus 1 is provided with: an image processor block 100; an
engine controller block 101; an operation panel 102; an image
scanner 103; a power controller block 104; and a human body
detecting device 200.

The image processor block 100 performs processing on
images received from a network 2 or obtained by the image
scanner 103. The image processor block 100 is provided with:
a communicator 100a that serves for data communication
with the network 2; a data storage 1015 such as a hard disk
drive, storing images received and other data; an image pro-
cessor 100¢ that performs certain processing on images
received; and a controller (CPU) 1004. The controller 1004
controls each portion of the image processor block 100, the
image scanner 103, and the operation panel 102 by coopera-
tively working with a controller (CPU) 1015 of the engine
controller block 101 and a controller (CPU) 104a of the
power controller block 104.

The engine controller block 101 is provided with: an image
forming device 101a; the controller (CPU) 1015; a ROM
101¢; and a RAM 1014.

The image forming device 1014 is a structure member for
printing images on paper. The image forming device 101a is
composed of: a photoreceptor drum; a development unit; a
charged unit; a transfer belt; a toner cartridge; a paper feeder/
conveyer; a fuser; and the like, all of which are not shown in
the figure.

The controller 1015 controls the image forming device
101a by cooperatively working with the controller 1004 of
the image processor block 100 and the controller 104a of the
power controller block 104; the ROM 101¢ stores operation
programs for the CPU of the controller 1015 to perform
processing; the RAM 1014 shares its work area for the CPU
of the controller 1015 to perform processing.

The operation panel 102 allows user to configure the set-
tings of various functions before using the image forming
apparatus 1 and displays operation screens, the state of the
image forming apparatus 1, messages, and the like. The
operation panel 102 is installed on the top edge of the front
side of the image forming apparatus or at a position near the
top edge thereof.

The image scanner 103 obtains a digital image by scanning
aphysical document. In this embodiment, the image forming
apparatus 1 has an automatic document feeder (ADF) 103a
that transfers a physical document to a scanning position, on
the top surface of its main body 10.

The power controller block 104 is provided with a power
supply device that converts commercial AC power to DC,
which is not shown in the figure, and the controller (CPU)
104a. The controller 1044 provides power to each portion of
the image forming apparatus 1 while controlling the amount
of power depending on the load applied to the image forming
apparatus 1. Specifically, in this embodiment, the controller
104a receives an output signal of a human body sensor of the
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human body detecting device 200 through an amplifier not
shown in the figure, selects among multiple power supply
modes by analyzing the output signal, and controls power
supply to each portion of the image forming apparatus 1 by
the selected mode.

As illustrated in FIG. 3, the human body detecting device
200 is provided with: a human body sensor 202 being posi-
tioned on a board not shown in the figure; and a condenser
lens 203 that is a Fresnel lens, being attached to the board such
that it covers the human body sensor 202.

The human body sensor 202 is comprised of a piezoelectric
sensor that produces a different output depending on the
amount of incoming infrared energy. In this embodiment, the
human body sensor 202 is a sensor that is capable of being
either positively or negatively charged; however, it should be
understood that the human body sensor 202 is in no way
limited to either one of the two types.

The condenser lens 203 forms one human body detecting
space 205 serving to detect infrared energy emitted by a
human body as a heat source. The human body detecting
space 205 is a light distribution area of the condenser lens
203.

When a person (heat source) passes through the human
body detecting space 205, the human body sensor 202 that is
apiezoelectric infrared sensor produces a piezoelectric effect
as described below with reference to FIG. 3.

FIG. 3A illustrates how a human body (heat source) 300
passes through the detecting space 205 in a direction indi-
cated by an arrow; FIG. 3B illustrates charge distributions on
the surface of the human body sensor 202 and a waveform of
output signals of the human body sensor 202 when a person
300 passes through the detecting space 205.

Before the human body (heat source) 300 enters the detect-
ing space 205 (in the stage indicated by number 1 of FIG. 3A),
the human body sensor 202 achieves electrostatic equilibrium
with free electrons on its dielectric body and outputs an offset
voltage Voffset (in the stage indicated by number 1 of FIG.
3B).

When the human body 300 enters the detecting space 205
(in the stage indicated by number 2 of FIG. 3A), the human
body sensor 202 starts losing free electrons from its dielectric
body by infrared energy emitted by the human body 300 and
changes its output voltage (in the stage indicated by number 2
of FIG. 3B). Not being able to lose any more free electrons,
the human body sensor 202 recovers electrostatic equilibrium
and again outputs the offset voltage Voffset (in the stage
indicated by number 3 of FIGS. 3A and 3B). When the human
body 300 passes through the detecting space 205 (in the stage
indicated by number 4 of FIG. 3A), the human body sensor
202 starts retrieving free electrons in order to recover elec-
trostatic equilibrium and decreases its output voltage to lower
than the offset voltage Voffset (in the stage indicated by
number 4 of FIG. 3B).

After that, the human body sensor 202 recovers electro-
static equilibrium with free electrons on its dielectric body
and again outputs the offset voltage Voffset (in the stage
indicated by number 5 of FIGS. 3A and 3B).

As described above, when the human body 300 passes
through the detecting space 205, the human body sensor 202
produces an output signal having a waveform with a positive
and negative peak based on the offset voltage Voffset then
produces an output signal having the offset voltage Votfset,
depending on the amount of infrared energy incoming
through the condenser lens 203. Here, it should be noted that
the human body sensor 202 produces an output signal having
a reverse waveform depending on whether it is positive or
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negative. In this embodiment, a positive peak comes prior to
a negative peak in the waveform, for example.

Furthermore, in this embodiment, the human body detect-
ing device 200, having such a configuration as described
above, is installed at a position near the operation panel 102 of
the main body 10 of the image forming apparatus 1 such that
the center of the human body detecting device 200 is directed
obliquely upward as illustrated in FIG. 4A. As illustrated in
FIG. 4A, the human body detecting device 200, having the
human body sensor 202 and the condenser lens 203, forms
one human body detecting space 205 serving to detect infra-
red energy emitted by a human body as a heat source, just in
front of the image forming apparatus 1 (between a user and
the image forming apparatus 1). The human body detecting
space 205 is a light distribution area of the condenser lens
203, radially extending outside of the human body detecting
device 200.

FIG. 4B illustrates a horizontal plane representing these
conditions including the human body detecting space 205,
along with a person who may move as indicated by arrows.
Specifically, in the horizontal plane, there is a detecting area
2054 just in front of the image forming apparatus 1 (between
this person and the image forming apparatus 1).

This detecting area 205a serves to detect the direction in
which a person moves. Specifically, in this embodiment, the
detecting area 205a is allowed to detect heat energy from the
face of a person of 170 centimeters in height who moves
toward the image forming apparatus 1 at a speed of 4.8 kilo-
meters per hour, when he/she reaches in an office a position L,
that is 2.5 meters away from the image forming apparatus 1,
only two more seconds before the image forming apparatus 1.
The detecting area 205a has a size of more than one meter
square so as to cover the stride length of a person of average
body size.

Only one detecting area 2054 in front of and near the image
forming apparatus 1 is enough to accomplish this configura-
tion. Alternatively, the condenser lens 203 may be a fly-eye
lens consisting of a plurality of single lenses such that a
plurality of detecting areas are formed by the respective
single lenses in front and back of and/or to the right and left of
the detecting area 205a.

FIG. 5 illustrates charge distributions on the surface of the
human body sensor 202 and a waveform of output signals of
the human body sensor 202 when a person moves toward the
image forming apparatus 1 as indicated by arrow X1 in FIG.
4B.

A person usually walks while repeating acceleration and
deceleration on a periodic basis, the human body sensor 202
therefore produces an output signal which is characteristic for
its waveform as to be described below.

When a person takes a first step to enter the detecting area
2054 from the outside, the output voltage raises because of
his/her accelerated motion. When the person prepares to take
a second step, the output voltage never falls until the offset
voltage Voffset but only slightly falls, because of his/her
decelerated motion. As a result, the waveform shows a posi-
tive peak Vpl.

And then when the person further takes a second step, the
output voltage again raises because of his/her accelerated
motion. The human body sensor 202 detects more heat energy
depending on the phase as the person moves toward the
human body sensor 202 itself. As a result, the output voltage
rises over the positive peak Vp1 due to the accelerated motion
of'the first step. Similarly, when the person prepares to take a
third step, the output voltage never falls until the offset volt-
age Voffset but only slightly falls, because of his/her deceler-
ated motion. As a result, the waveform shows a positive peak
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Vp2 whose peak value is greater than that of the positive peak
Vp1 due to the accelerated motion of the first step. The size of
arrows in the table of FIG. 5 represents the amount of heat
energy.

The person repeats acceleration and deceleration as
described above until reaching the image forming apparatus
1. When the person reaches the image forming apparatus 1,
the waveform will result in showing multiple positive peaks
Vpl,Vp2,Vp3...whose peak values are greater in this order.
Furthermore, the output voltage rises approximately in a
staircase pattern on the basis of the characteristic motions of
the walking person, without falling until the offset voltage
Voftset between these positive peaks. Only by analyzing this
waveform of output signals as described above, the controller
(CPU) 104a of the power controller block 104 judges that a
person moves toward the image forming apparatus 1 (to oper-
ate the operation panel 102).

Specifically, the controller 104a of the power controller
block 104 detects the positive peaks Vpl, Vp2, Vp3 . . . inthe
waveform. Taking the last two peaks (for example, the posi-
tive peaks Vpl and Vp2) as reference values, the controller
104a of the power controller block 104 judges whether or not
the peak value of the second positive peak Vp2 is greater than
that of the first positive peak Vpl and whether or not the
waveform has a drop to the offset voltage Votfset between the
first and second positive peak Vpl and Vp2. If the peak value
of'the second positive peak Vp2 is greater than that of the first
positive peak Vp1 and the waveform does not have a drop to
the offset voltage Voffset between the first and second posi-
tive peak Vpl and Vp2, the controller 104a of the power
controller block 104 then judges that a person moves toward
the image forming apparatus 1.

Before detecting that a person moves toward the image
forming apparatus 1, the controller 1044 sets the power sup-
ply mode of the image forming apparatus 1 to power saving
mode in order to cut off power supply to any of the image
processor block 100, the engine controller block 101, and the
operation panel 102. When detecting that a person moves
toward the image processing apparatus 1, the controller 104a
of the power controller block 104 switches the power supply
mode from power saving mode to that for normal operation
(normal operation mode) because he/she seems likely to have
an intention to operate the image processing apparatus 1.

In comparison to the conventional technique of detecting
the direction in which a person moves through a plurality of
detecting areas, the image forming apparatus 1 decreases user
wait time before it becomes ready for operation, by judging in
an early stage which power supply mode should be selected.

It should be understood that, when a person moves toward
the image forming apparatus 1, the image forming apparatus
1 sometimes may be already in normal operation mode
shortly after the last operation or for another reason. In this
case, as a matter of course, the controller 104a will keep that
mode.

Alternatively, the controller 1044 of the power controller
block 104 may be capable of switching the image forming
apparatus 1 between the following power supply modes:
power saving mode, normal operation mode, and sub-level
power saving mode requiring less power than normal opera-
tion mode but more power than power saving mode. In this
case, the period T between the first positive peak Vp1 and the
second positive peak Vp2 is compared to a predetermined
value (for example, one second); if it is greater than the
predetermined value, i.e.; if a person moves toward the image
forming apparatus 1 at a regular walking speed or slowly, the
image forming apparatus 1 may switch its power supply mode
from power saving mode to sub-level power saving mode,
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then from sub-level power saving mode to normal operation
mode, in a step-by-step manner with the lapse of time.

In sub-level power saving mode, the image processing
apparatus 1 restores power supply to the image processor
block 100, for example. That is because it takes long for the
controller (CPU) 1004 of the image processor block 100 to
return to normal.

FIG. 6 illustrates charge distributions on the surface of the
human body sensor 202 and a waveform of output signals of
the human body sensor 202 when a person, who is in the
detecting area 205a, moves away from the image forming
apparatus 1 as indicated by arrow X2 in FIG. 4B.

When a person takes a first step to move away from the
image forming apparatus 1, the output voltage raises because
of his/her accelerated motion. When the person prepares to
take a second step, the output voltage never falls until the
offset voltage Voffset but only slightly falls, because of his/
her decelerated motion. As a result, the waveform shows a
positive peak Vpl.

And then when the person further takes a second step, the
output voltage again raises because of his/her accelerated
motion. The human body sensor 202 detects less heat energy
depending on the phase as the person moves away from the
human body sensor 202 itself. As a result, the output voltage
falls below the positive peak Vpl due to the accelerated
motion of the first step. Similarly, when the person prepares to
take a third step, the output voltage never falls until the offset
voltage Voffset but only slightly falls, because of his/her
decelerated motion. As a result, the waveform shows a posi-
tive peak Vp2 whose peak value is lower than that of the
positive peak Vpl due to the accelerated motion of the first
step.

The person repeats acceleration and deceleration as
described above until he/she stops moving away from the
image forming apparatus 1. When the person stops moving
away from the image forming apparatus 1, the waveform will
result in showing multiple positive peaks Vpl, Vp2, Vp3 . ..
whose peak values are lower in this order. Furthermore, the
output voltage falls approximately in a staircase pattern on the
basis of the characteristic motions of the walking person,
without falling until the offset voltage Voffset between these
positive peaks. Only by analyzing this waveform of output
signals as described above, the controller (CPU) 104a of the
power controller block 104 judges that a person moves away
from the image forming apparatus 1.

Specifically, the controller 104a of the power controller
block 104 detects the positive peaks Vpl, Vp2, Vp3 .. . inthe
waveform. Taking the last two peaks (for example, the posi-
tive peaks Vpl and Vp2) as reference values, the controller
104a of the power controller block 104 judges whether or not
the peak value of the second positive peak Vp2 is lower than
that of the first positive peak Vpl and whether or not the
waveform has a drop to the offset voltage Votfset between the
first and second positive peak Vpl and Vp2. If the peak value
of'the second positive peak Vp2 is lower than that of the first
positive peak Vp1 and the waveform does not have a drop to
the offset voltage Voffset between the first and second posi-
tive peak Vpl and Vp2, the controller 104a of the power
controller block 104 then judges that a person moves away
from the image forming apparatus 1.

Judging that way, the controller 1044 of the power control-
ler block 104 switches the power supply mode from normal
operation mode to power saving mode. More specifically, the
controller 1044 of the power controller block 104 is allowed
to switch the power supply mode from normal operation
mode to power saving mode in an earlier stage, for example,
when detecting that a person, who is close to the image
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forming apparatus 1, moves away therefrom without operat-
ing. This would contribute to reduction in power consump-
tion.

FIG. 7 illustrates charge distributions on the surface of the
human body sensor 202 and a waveform of output signals of
the human body sensor 202 when a person moves in the
detecting area 205aq laterally to the image forming apparatus
1 as indicated by arrow Y1 in FIG. 4B.

When a person takes a first step to enter the detecting area
205a from the outside, the output voltage raises because of
his/her accelerated motion as mentioned previously. The per-
son moves laterally to the image forming apparatus 1 keeping
a certain distance therewith, which a certain pattern due to
piezoelectric effects in the waveform.

That is, as illustrated in the waveform of FIG. 7, when the
person enters the detecting area 205a, the output voltage
reaches a positive peak Vpl then falls to the offset voltage
Voftset. And the output voltage reaches a negative peak when
the person exits the detecting area 205a. Only by analyzing
this waveform of output signals as described above, the con-
troller (CPU) 104a of the power controller block 104 judges
that a person moves in the detecting area 205aq laterally to the
image forming apparatus 1.

Specifically, the controller 104a of the power controller
block 104 detects the positive peak Vp1 in the waveform and
judges whether or not the waveform has a drop to the offset
voltage Voffset after the positive peak Vpl. If the waveform
has a drop to the offset voltage Voffset after the positive peak
Vpl, the controller 104a of the power controller block 104
then judges that a person moves in the detecting area 205a
laterally to the image forming apparatus 1.

The controller 104a of the power controller block 104
switches the power supply mode of the image forming appa-
ratus 1 to power saving mode if the power supply mode is
found to be normal operation mode while the controller 1044
judges that a person moves in the detecting area 2054 laterally
to the image forming apparatus. Consequently the controller
104a of the power controller block 104 is allowed to switch
the power supply mode from normal operation mode to power
saving mode in an earlier stage, which would contribute to
reduction in power consumption.

FIG. 8 illustrates charge distributions on the surface of the
human body sensor and a waveform of output signals of the
human body sensor 202 when a person, who moves in the
detecting area 205aq laterally to the image forming apparatus
1, gives a turn to move toward the image forming apparatus 1.

As illustrated in the waveform of FIG. 7, when a person
enters the detecting area 2054 and moves laterally to the
image forming apparatus 1, the output voltage reaches a posi-
tive peak Vp1 then falls to the offset voltage Votfset.

After the positive peak Vp1, when the person gives a turn to
move toward the image forming apparatus 1, the waveform
will result in showing multiple positive peaks Vp2, Vp3 . ..
whose peak values are greater in this order. Furthermore, the
output voltage rises approximately in a staircase pattern with-
out falling until the offset voltage Voffset between these posi-
tive peaks.

If detecting a pattern of user approach in the waveform
within a certain period of time after judging that a person
moves in the detecting area 205¢ laterally to the image form-
ing apparatus 1, the controller 104a of the power controller
block 104 then judges that the person gives a turn to move
toward the image forming apparatus 1. The controller 104a of
the power controller block 104 switches the power supply
mode to normal operation mode if the power saving mode is
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found to be power saving mode while the controller 104a
judges that the person gives a turn to move toward the image
forming apparatus.

FIG. 9 is a flowchart representing a power control opera-
tion to be conducted by the controller 104a of the power
controller block 104. The flowchart of FIG. 9 and the follow-
ing flowcharts are executed by the CPU of'the controller 104a
in accordance with power control programs stored on a
recording medium not shown in the figure.

In Step S01, an output voltage Vout of the human body
sensor 202 is obtained; it is judged in Step S02 whether or not
the output voltage Vout is equal to or lower than the offset
voltage Voffset.

Ifthe output voltage Vout is equal to or lower than the offset
voltage Voffset (YES in Step S02), it is then judged in Step
S03 whether or not the output voltage Vout reaches its positive
peak. If the output voltage Vout reaches its positive peak
(YES in Step S03), the routine proceeds to Step S04, in which
it is confirmed that a person moves in the detecting area 2054
laterally to the image forming apparatus 1 and the power
supply mode of the image forming apparatus 1 is switched to
power saving mode only if it is found to be normal operation
mode. If the output voltage Vout has not reached its positive
peak (NO in Step S03), the routine returns to Step S01.

In Step S02, if the output voltage Vout is higher than the
offset voltage Voffset (NO in Step S02), it is then judged in
Step S05 whether or not the output voltage Vout reaches its
positive peak. This judgment is made by comparing the out-
put voltage Vout to the last obtained output voltage Vout.

If the output voltage Vout has not reached its positive peak
(NOin Step S05), the routine returns to Step S01. If the output
voltage Vout reaches its positive peak (YES in Step S05), it is
then judged in Step S06 whether or not it is the second
positive peak. If it is not the second positive peak (NO in Step
S06), the routine returns to Step SO1. If it is the second
positive peak (YES in Step S06), it is then judged in Step S07
whether or not the peak value of the second positive peak is
greater than that of the first positive peak.

If it is greater than that of the first positive peak (YES in
Step S07), the routine proceeds to Step SO08 in which it is
confirmed that a person moves toward the image forming
apparatus 1 and the power supply mode of the image forming
apparatus 1 is switched to normal operation mode only ifit is
found to be power saving mode. If it is not greater than that of
the first positive peak (No in Step S07), the routine proceeds
to Step S09 in which it is confirmed that a person moves away
from the image forming apparatus 1 and the power supply
mode of the image forming apparatus 1 is switched to power
saving mode only if it is found to be normal operation mode.

FIG. 10 is a flowchart representing another power control
operation to be conducted by the controller 1044 of the power
control block 104. Depending on the speed at which a person
moves toward the image forming apparatus 1, the image
forming apparatus 1 switches its power supply mode in a
different manner in accordance with this flowchart.

Steps S01 to S07 and Step S09 of the FIG. 10 flowchart,
corresponding to the respective identically numbered steps of
the FIG. 9 flowchart, which have already been covered by the
description provided above, will be omitted in the following
description.

In Step S07, it is judged whether or not the peak value of the
second positive peak is greater than that of the first positive
peak. If it is greater than that of the first positive peak (YES in
Step S07), it is then judged in Step S11 whether or not the
period between the first and second positive peak is equal to
or lower than a predetermined value. If it is equal to or lower
than a predetermined value (YES in Step S11), the routine
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proceeds to Step S12 in which it is confirmed that a person
rapidly moves toward the image forming apparatus 1 and the
power supply mode of the image forming apparatus 1 is
switched to normal operation mode only if it is found to be
power saving mode. If it is not equal to or lower than a
predetermined value (NO in Step S11), the routine proceeds
to Step S13 in which it is confirmed that a person moves
toward the image forming apparatus 1 itself at a regular walk-
ing speed (for example, 4.8 kilometers per hour) or less and
the power supply mode of the image forming apparatus 1 is
switched to sub-level power saving mode requiring more
power than power saving mode only if it is found to be power
saving mode, then switched from sub-level power saving
mode to normal operation mode after a certain period of time.

FIG. 11 is a flowchart representing yet another power con-
trol operation to be conducted by the controller 104a of the
power control block 104. When a person, who moves in the
detecting area 205aq laterally to the image forming apparatus
1, gives a turn to move toward the image forming apparatus 1,
the image forming apparatus 1 switches its power supply
mode in accordance with this flowchart.

Steps S01 to S07 and Step S09 of the FIG. 11 flowchart,
corresponding to the respective identically numbered steps of
the FIG. 9 flowchart, which have already been covered by the
description provided above, will be omitted in the following
description.

In Step S07, it is judged whether or not the peak value of the
second positive peak is greater than that of the first positive
peak. If it is greater than that of the first positive peak (YES in
Step S07), it is then judged in Step S21 whether or not it was
YES in Step S04 in the last certain period of time (for
example, in the last two seconds). In other words, it is judged
whether or not the image forming apparatus 1 recognizes that
a person moves toward the image forming apparatus 1 itself,
within a certain period of time after recognizing that he/she
moves in the detecting area 205¢ laterally to the image form-
ing apparatus 1 itself.

If it was YES in Step S04 in the last certain period of time
(YES in Step S21), the routine proceeds to Step S22 in which
it is confirmed that a person gives a turn to move toward the
image forming apparatus 1 and the power supply mode of the
image forming apparatus 1 is switched to normal operation
mode only ifit is found to be power saving mode. If it was NO
in Step S04 in the last certain period of time (NO in Step S21),
the routine proceeds to Step S23 in which it is confirmed that
aperson moves directly towards the image forming apparatus
1 and the power supply mode of the image forming apparatus
1 is switched to sub-level power saving mode requiring more
power than power saving mode only if it is found to be power
saving mode, then switched from sub-level power saving
mode to normal operation mode after a certain period of time.

While the first embodiment of the present invention has
been described in detail herein and shown in the accompany-
ing drawings, it should be understood that the present inven-
tion is not limited to the foregoing embodiment.

For example, in the first embodiment, the image forming
apparatus 1 returns to normal operation mode from power
saving mode when recognizing that a person moves toward
the image forming apparatus 1 itself. Alternatively, the image
forming apparatus 1 may go to sub-level power saving mode
when recognizing that a person enters the detecting area 205a
by comparing the output voltage to a threshold; subsequently
the image forming apparatus 1 may return to normal opera-
tion mode when further recognizing that the person moves
toward the image forming apparatus 1 itself by comparing the
output voltage to another threshold.
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Furthermore, in the flowcharts of FIGS. 10 and 11, the
image forming apparatus 1 judges if a person moves toward
the image forming apparatus 1 itself, on the basis of two peaks
that are currently and last obtained, for example. If the detect-
ing area 205a is spacious enough for a user to take three or
more steps therein, the image forming apparatus 1 may do the
same on the basis of three or more peaks (FIG. 5 shows an
example with three peaks). Specifically, when the output
voltage has reached three or more positive peaks consecu-
tively, the image forming apparatus 1 judges if a person
moves toward or away from the image forming apparatus 1
itself, depending on the mean value of the differences in peak
value between two consecutive peaks or calculates a period
using the mean value of the intervals between two consecu-
tive peaks.

Second Embodiment

A second embodiment of the present invention will be
described with reference to FIGS. 12 to 20. A human body
detecting device 2000 according to the second embodiment is
different from the human body detecting device 200 accord-
ing to the first embodiment in the following aspect: it forms
first detecting areas 2050a and 20505 each serving to detect if
a user moves toward or away from the main body 10 of the
image forming apparatus 1; it also forms a second detecting
area 2050c¢ serving to detect if a user takes any action, near the
main body 10 of the image forming apparatus 1; and it also
forms a non-detecting area 20504 not serving to detect infra-
red energy, between the first and second detecting area 20505
and 2050¢ (this will be described in detail with reference to
FIG. 14). Inthe second embodiment, some structure members
correspond to the respective identically numbered structure
members of the first embodiment and these will be omitted in
the following description.

As illustrated in FIG. 12, the human body detecting device
2000 according to the second embodiment is provided with: a
human body sensor 2020 being positioned on a board 2010;
and a fly-eye lens 2030 that is a Fresnel lens with a plurality
of single lenses 2040 being arranged in a matrix, the fly-eye
lens 2030 being attached to the board 2010 such that it covers
the human body sensor 2020.

The human body sensor 2020 is comprised of a piezoelec-
tric sensor having a pair of a positive electrode 2020 and a
negative electrode 20205, which produces a different output
depending on the amount of incoming infrared energy. It
should be understood that the human body sensor 2020 is in
no way limited to a specific number or configuration.

The human body detecting device 2000, having such a
configuration as described above, is allowed to form a human
body detecting space 2050 that detects infrared energy emit-
ted by ahuman body (bare parts of a human body, specifically,
the face, arms, and hands). The human body detecting space
2050 radially extends outside of each single lens 2040 of the
fly-eye lens 2030, which means that the number of the human
body detecting spaces 2050 is equal to the number of the
single lenses 2040. The human body detecting space 2050
consists of a space serving for the positive electrode 20204 to
detect infrared energy and another space serving for the nega-
tive electrode 202054 to detect infrared energy.

In this embodiment, as illustrated in FIG. 13 A, the fly-eye
lens 2030 is a polyhedral globe, consisting of: a first single-
lens group 501 being fixed at a side of the curved surface of
the fly-eye lens 2030 (the upper one in FIG. 13A); a second
single-lens group 502 being fixed at the opposite side of the
curved surface of the fly-eye lens 2030 (the lower one in FIG.
13A); and a block portion 500 (indicated by crosshatching in
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FIG. 13) being configured to prevent infrared energy from
being conducted to the human body sensor 2020, the block
portion 500 being sandwiched in between the first single-lens
group 501 and the second single-lens group 502. The first
single-lens group 501 and second single-lens group 502 each
consists of the plurality of single lens 2040 being arranged
side by side in two rows.

It should be understood that the fly-eye lens 2030 is in no
way limited to a specific shape and the single lenses 2040 are
in no way limited to a specific number or arrangement. For
example, the fly-eye lens 2030 may be a polyhedral cuboid as
illustrated in FIG. 13B. In this case, as illustrated in FIG. 13B,
the fly-eye lens 2030 consists of: a first single-lens group 501
being fixed on a surface of the fly-eye lens 2030 itself (the
upper one in FIG. 13B); a second single-lens group 502 being
fixed on the opposite surface of the fly-eye lens 2030 itself
(the lower one in FIG. 13B); and a block portion 500 that
blocks infrared energy, the block portion 500 being sand-
wiched in between the first single-lens group 501 and the
second single-lens group 502.

The human body detecting device 2000, having such a
configuration as described above, is installed at a position
near the operation panel 102 of the main body 10 of the image
forming apparatus 1 such that the center of the human body
detecting device 2000 is directed obliquely upward as illus-
trated in FIG. 14A. As illustrated in FIG. 14A, the human
body detecting device 2000, having the fly-eye lens 2030,
forms first detecting spaces 2050A and 20508 just in front of
the image forming apparatus 1 (between a user and the image
forming apparatus 1), the first detecting spaces 2050A and
20508 each radially extending outside of the human body
detecting device 2000 itself; it also forms a second detecting
space 2050C near the main body 10 of the image forming
apparatus 1, the second detecting space 2050C radially
extending outside of the human body detecting device 2000
itself; and it also forms a non-detecting space 2050D not
serving to detect infrared energy, by the block portion 500 of
the fly-eye lens 2030, the non-detecting space 2050D radially
and almost vertically extending outside of the human body
detecting device 2000 itself, the non-detecting space 2050D
being sandwiched in between the first detecting space 20508
and the second detecting space 2050C.

The first detecting spaces 2050A and 2050B are formed by
the single lenses 2040 from the first single-lens group 501 of
the fly-eye lens 2030; the second detecting space 2050C is
formed by the single lenses 2040 from the second single-lens
group 502 of the fly-eye lens 2030.

FIG. 14B illustrates a horizontal plane of the detecting
space 2050 including the first detecting spaces 2050A and
20508 and the second detecting space 2050C, along with a
person who may move as indicated by arrows. Specifically, in
the horizontal plane, there are first detecting areas 2050a and
20505 just in front of the image forming apparatus 1 (between
a user and the image forming apparatus 1); second detecting
areas 2050c¢ near the main body 10 of the image forming
apparatus 1; and a non-detecting area 20504 not serving to
detect infrared energy and looking like a band stretching side
to side, the non-detecting area 20504 being sandwiched in
between the row of the first detecting areas 2050a and 20505
and the row ofthe second detecting areas 2050c, near the front
edge of the top surface of the image forming apparatus 1, in
parallel with the top surface.

The first detecting areas 2050a and 20504 are arranged side
by side in their respective rows in order to detect if a person
moves laterally to the image forming apparatus 1 (in aY or
opposite Y direction) and detect if a person moves toward or
away from the image forming apparatus 1 (in an X and oppo-
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site X direction). The detecting areas 20505, to which the
image forming apparatus 1 is closer than to the detecting areas
20504, are smaller than the first detecting areas 20504 in their
size. The first detecting areas 2050a, which are arranged side
by side in a row, are almost identical in their size; the first
detecting areas 20505, which are arranged side by side in
another row, are almost identical in their size.

The second detecting areas 2050¢ are arranged side by side
in one or more rows in order to detect if a person moves
laterally to the image forming apparatus 1 (ina'Y or opposite
Y direction) and detect if a person moves toward or away from
the image forming apparatus 1 (in an X and opposite X
direction).

The positive electrode 2020a and the negative electrode
20205 are arranged inside of the human body sensor 2020
such that a person moving toward the image forming appara-
tus 1 will enter a positive and negative area of the first detect-
ing area 2050a, a positive and negative area of the first detect-
ing area 20505, and a positive and negative area of the second
detecting area 2050c, in this order.

The first detecting areas 2050a and 20505 serve to detect if
a user moves toward the image forming apparatus 1; the
second detecting areas 2050¢ serve to detect if a user, who is
close to the image forming apparatus 1, takes any action. For
example, when a user stretches out his/her arm to the opera-
tion panel 102 or the automatic document feeder 103a, it will
be judged that he/she has an intention to operate the image
forming apparatus 1.

Specifically, in this embodiment, the first detecting areas
2050qa arranged in the outer row are allowed to detect heat
energy from the face of a person of 170 centimeters in height
who moves toward the image forming apparatus 1 at a speed
of'4.8 kilometers per hour, when he/she reaches in an office a
position L that is 2.5 meters away from the image forming
apparatus 1, only two more seconds before the image forming
apparatus 1.

FIG. 15A illustrates examples in which a person 300 enters
one of the detecting areas 2050 and moves through its positive
and negative area in this order, as indicated by arrows. In
FIGS. 15A and 15B, the person 300 moves at an identical
speed both in the examples. When the person 300 enters the
positive area, the human body sensor 2020 detects infrared
energy emitted by the person 300 and the output voltage rises
to form a positive wave; and then when the person 300 enters
the negative area, the human body sensor 2020 detects infra-
red energy emitted by the person 300 and the output voltage
drops to form a negative wave. That is, when the persons 300
enters and moves through the one detecting area 2050, the
human body sensor 2020 produces an output signal having a
waveform with a positive and negative peak. After the person
300 leaves the detecting area 2050, the output voltage returns
to the offset voltage. When the person 300 enters and moves
through the one detecting area 2050 in reverse direction, the
human body sensor 2020 produces an output signal having an
inverse waveform. The output signal is input to the controller
104a through the amplifier 104B of the power controller
block 104 as illustrated in FIG. 12.

Peak values (also referred to as peak voltage) change
depending on the amount of infrared energy. Output fre-
quency also changes depending on the size of the detecting
area 2050 and the speed at which the person 300 moves
through the detecting area 2050. Therefore, as illustrated in
FIGS. 15A and 15B, when the person 300 moves through the
detecting area 2050 at a certain speed keeping a certain dis-
tance with the human body sensor 2020, the output signal will
have peak values and frequency that are greater and higher
than those in the other example when the person does all the
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same but keeping a larger distance with the human body
sensor 2020. Output frequency becomes higher with a faster
moving speed of the person 300.

Hereinafter, the operation to be performed by the image
forming apparatus 1 of FIGS. 1 and 2 when a user enters any
of'the first detecting areas 20504a from the outside and moves
toward the image forming apparatus 1 as indicated by arrow
X of FIG. 14B, will be described with reference to FIGS. 16
and 17.

For the sake of simplicity, one of the first detecting areas
2050q in a row, one of the first detecting areas 20505 in
another row, and one of the second detecting areas 2050c¢ in
yet another row, as illustrated in FIG. 16, will be explained.
One the second detecting area 2050c¢ is located in only one
row over the operation panel 102 and the automatic document
feeder 1034 such that the human body sensor 2020 will detect
infrared energy if the user stretches out his/her arm toward the
operation panel 102 or the automatic document feeder 103a.

When a user enters the first detecting area 2050q in the
outer row from the outside as illustrated in FIG. 17A, the
human body sensor 2020 detects infrared energy emitted by
the user and produces output signals as illustrated in FIG.
17B.

As is mentioned previously, the human body sensor 2020
has the following characteristics because of its piezoelectric
element: when detecting that infrared energy source enters
the first detecting area 2050q, from its positive area to its
negative area, the human body sensor 2020 will produce an
output signal having a waveform with a positive and negative
peak based on the offset voltage (when detecting that infrared
energy source moves in reverse direction, it will produce an
output signal having a reverse waveform); and then, when
missing the infrared energy source, the human body sensor
2020 does not produce any output signal. That is, the human
body sensor 2020 produces different output voltages and
output frequencies depending on the amount of infrared
energy, the size of the first detecting area 2050a, the moving
speed of a user, and the like. Here, the human body sensor
2020 produces an output signal S having a waveform with a
positive and negative peak. It can be judged which detecting
area the person 300 enters, the first detecting area 2050a or
20505, by analyzing the output signal S, which will be further
described below. Hereinafter, the human body sensor 2020
produces an output signal S1 (also output signals S2 and S3)
when detecting that the person 300 enters the first detecting
area 2050a.

When the user further enters the first detecting area 20505
in the second outer row and pauses there, the output signal S2
has a waveform with a positive peak whose peak value is
greater than that of the output signal S1. That is because: the
amount of infrared energy is inversely proportional to the
square of the distance; and the ratio of the size of the user’s
face to the first detecting area 20505 is larger than that of the
user’s face to the first detecting area 2050q. In addition, the
waveform has a shorter period (a higher frequency) than that
of the output signal S1 because the size of the first detecting
area 20505 is smaller than that of the first detecting area
2050a.

It can be judged which detecting area the user enters, the
first detecting area 2050a or 20505, by analyzing the output
voltage of the human body sensor 2020.

In other words, an output signal of the human body sensor
2020 is input to the controller (CPU) 1044 through the ampli-
fier 104B of the power controller block 104. The peak value of
the output signal is compared to voltage thresholds V1 and V2
for detecting user approach, by the controller 104a. The volt-
age threshold V1 for detecting user approach is set in advance
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to alower value than the peak value P1 of the output signal S1;
the voltage threshold V2 for detecting user approach is set in
advance to a value that is greater than the peak value P1 ofthe
output signal S1 and lower than the peak value P2 of the
output signal S2.

If the output signal has a peak value P that satisfies the
following inequality: voltage threshold Vl1<peak value
P=<voltage threshold V2, the controller 104a judges that the
user enters the first detecting area 20504 in the outer row; if
the output signal has a peak value P that satisfies the following
inequality: voltage threshold V2<peak value P, the controller
104a judges that the user enters the first detecting area 20505
in the second outer row.

Alternatively, it can be judged which detecting area the
user enters, the first detecting area 2050qa or 20505, by ana-
lyzing the output frequency of the human body sensor 2020.
In this case, the frequency threshold F1 is set in advance to a
lower value than that of the output signal S1; the frequency
threshold F2 is set in advance to a value that is greater than
that of the output signal S1 and lower value than that of the
output signal S2. If the output signal has a frequency F that
satisfies the following inequality: frequency threshold
Fl<frequency F=frequency threshold F2, the controller 104a
will judge that the user enters the first detecting area 2050q in
the outer row; if the output signal has a frequency F that
satisfies the following inequality: frequency threshold
F2<frequency F, the controller 104a will judge that the user
enters the first detecting area 20505 in the second outer row.

Before detecting that the user enters the first detecting area
2050q in the outer row, the controller 104a sets the power
supply mode of the image forming apparatus 1 to power
saving mode in order to cut off power supply to any of the
image processor block 100, the engine controller block 101,
and the operation panel 102. When detecting that the user
enters the first detecting area 2050q in the outer row, the
controller 1044 judges that the user seems likely to have an
intention to operate the image forming apparatus 1, therefore
lowers the power saving level by selecting an operation mode
for restoring power supply to the image processor block 100.
That is because it takes long for the controller (CPU) 1004 of
the image processor block 100 to return to normal. It should
be understood that, when the user enters the first detecting
area 2050q in the outer row, the image forming apparatus 1
sometimes may be already in that for normal operation (nor-
mal operation mode) shortly after the last operation or for
another reason. In this case, as a matter of course, the con-
troller 104a will keep that mode. The same is true for the
power control operations to be described below.

When detecting that the user further enters the first detect-
ing area 20505 in the second outer row, the controller 104a
judges that the user gets closer to the image forming apparatus
1 and seems more likely to have an intention to operate the
image forming apparatus 1, therefore lowers the power saving
level by selecting an operation mode for restoring power
supply to the engine controller block 101 and the operation
panel 102. Actually, the controller 1044 restores power sup-
ply to the controller (CPU) 1015 of the engine controller
block 101 first; therefore, a motor and other portions of the
engine controller 101 do not start operation and the operation
panel 102 does not turn on the backlight, at this point.

As to be described below, the controller 104a restores
power supply to the operation panel 102 to have it turn on the
backlight, only when detecting that the user further enters any
of the second detecting areas 2050c.

Here is another example: when a user moves through mul-
tiple the first detecting areas 20504 in the outer row laterally
to the image forming apparatus 1 as indicated by arrow Y of



US 9,116,484 B2

21

FIG. 14B, the human body sensor 2020 produces an output
signal having a waveform with almost the same peak values
and a constant period because the sizes of the multiple first
detecting areas 20504 are identical and the user moves at a
constant speed. In this case, when detecting that the user
enters any of the first detecting areas 2050q in the outer row,
the controller 104a switches the power supply mode from
power saving mode to sub-level power saving mode in order
to restore power supply to the image processor block 100, the
engine controller block 101, and the like, which does not
mean the entire image forming apparatus 1 is allowed to
recover to normal. When detecting that the user further enters
another one of the first detecting areas 2050q in the outer row,
the controller 104a judges that the user does not have an
intention to operate the image forming apparatus 1, therefore
switches the power supply mode to power saving mode again.

The power control operations as described above would
achieve low power consumption without sacrificing user con-
venience.

In the embodiment as described above, the image forming
apparatus 1 consumes less power in power saving mode than
that for image forming that is normal operation. It should be
understood that the method of changing the power supply
mode by the controller (CPU) 104a of the power supply block
104, which is allowed to select among multiple power supply
modes, is in no way limited to this embodiment. For example,
the multiple power supply modes may include: an operation
mode for restoring power supply to the image scanner 103
and the operation panel 102; and an operation mode for
restoring power supply to the engine controller block 101, in
addition to an operation mode for restoring power supply to
the image processor block 100. In this embodiment, the first
detecting areas 20504a and 20506 are arranged side by side in
the two respective adjacent rows. Alternatively, the first
detecting areas 2050a and 20505 may be arranged side by
side in more than two rows so that the controller 1044 can
select among more power supply modes, as a user gets closer
to the image forming apparatus 1.

Hereinafter, the operation to be performed by the image
forming apparatus 1 when a user, who is in the first detecting
area 20505 in the second outer row, stretches out his/her arm
toward the operation panel 102 or the automatic document
feeder 103a of the image forming apparatus 1, will be
described below.

The user enters any of the second detecting areas 2050¢ by
stretching out his/her arm forward. When detecting that the
user enters any of the second detecting areas 2050c¢, the
human body sensor 2020 produces an output signal S3. In
contrast, when the user enters the non-detecting area 20504,
the human body sensor 2020 produces an output signal hav-
ing the offset voltage, and the output voltage remains at
around the offset voltage until the user exits the non-detecting
area 20504. In this embodiment, after the output voltage of
the human body sensor 2020 reaches the offset voltage, the
time the output voltage continues to satisfy the following
inequality: (offset voltage-a)<output voltage<(offset volt-
age+q.) is measured as a non-detecting time. The symbol
represents a constant value that is set in advance.

If the non-detecting time is not greater than a predeter-
mined value, it will be confirmed that the user has exited the
non-detecting area 20504d.

In general, a person walks faster than moving his/her arm
forward. In fact, the average person do walk faster than mov-
ing his/her arm: the average person walks at a speed of 4.8
kilometers per hour and moves his/her arm at a speed of 10
centimeters per second that is equal to 0.36 kilometers per
hour. Meanwhile, as a matter of course, when a user, who is
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close to the image forming apparatus 1, stretches out his/her
arm to operate the image forming apparatus 1, the human
body sensor 2020 is closer to the arm than to the body (spe-
cifically, the user’s face). The human body sensor 2020 is
therefore allowed to detect the arm with a high degree of
accuracy by the small detecting area 2050¢ as illustrated in
FIG. 17A. That also causes a waveform with a great peak
value and a short period (see FIG. 15). In other words, when
auser’s hand is very close to the human body sensor 2020, the
distance between the human body sensor 2020 and an object
is more dominant than the moving speed of the object, the
human body sensor 2020 therefore produces an output signal
having a great voltage and a high frequency. To explain the
same with FIG. 17B, when a user enters any of the second
detecting areas 2050¢ by his/her hand, the human body sensor
2020 produces the output signal S3 having a peak value P3
and a frequency that are greater and higher than those of a
peak value P2 of the output signal S2 when a user enters any
of' the first detecting areas 20505 in the second outer row.

It is only necessary for a user to stretch out his/her arm
forward just a little to operate the operation panel 102, which
is positioned near the front of the image forming apparatus 1.
In comparison to this, it is necessary for a user to stretch out
his/her arm forward more to operate the automatic document
feeder 103a.

When stretching out his/her arm to operate the automatic
document feeder 1034, a user enters any of the second detect-
ing areas 2050¢ both by his/her arm and hand, which causes
the human body sensor 2020 detect more infrared energy than
that when a user stretches out his/her arm to operate the
operation panel 102. At the same time, the user moves his/her
arm more rapidly than when a user stretches out his/her arm to
operate the operation panel 102.

To explain the same with an enlarged image of a waveform
in FIG. 17C, when a user stretches out his/her arm to operate
the automatic document feeder 103a, the human body sensor
2020 produces an output signal S32 (indicated by chained
line) having a greater peak value and a higher frequency than
those of an output signal S31 (indicated by solid line) when a
user stretches out his/her arm to operate the operation panel
102.

In this embodiment, voltage thresholds V31 and V32 are
set in advance in order to detect the output signals S31 and
S32, respectively. The voltage threshold V31 is greater than
the peak value P2 of the output signal S2 to be produced when
a user enters any of the first detecting areas 20506 in the
second outer row and is lower than the peak value P31 of the
output signal S31 to be produced when a user is about to
operate the operation panel 102. The voltage threshold V32 is
greater than the peak value P31 of the output signal S31 and
is lower than the peak value P32 of the output signal S32 to be
produced when a user is about to operate the automatic docu-
ment feeder 103a.

If the peak value P3 of the output signal S3 satisfies the
following inequality: V31<P3<V32, the controller 104a of
the power controller block 104 judges that that the user is
about to operate the operation panel 102. The controller 104a
therefore switches the power supply mode to normal opera-
tion mode and also allows the operation panel 102 to turn on
the backlight and display an initial operation screen for the
normal operation mode. This operation screen allows the user
to select a function mode such as copy or facsimile.

If the peak value P3 of the output signal S3 satisfies the
following inequality: V32<P3, the controller 104a of the
power controller block 104 judges that the user is about to
operate the automatic document feeder 1034. The controller
104a therefore switches the power supply mode to normal
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operation mode and also allows the operation panel 102 to
turn on the backlight and display an initial operation screen
for the automatic document feeder 103a. This operation
screen allows the user to perform detail settings for scanner
mode and set the number of copies, paper type, and other
options.

Alternatively, the output signal S3 may be identified on the
basis of its frequency instead of its voltage. Specifically,
frequency thresholds F31 and F32 may be set in advance: the
frequency threshold F31 is higher than a frequency F2 of the
output signal S2 to be produced when a user enters any of the
first detecting areas 20505 and lower than a frequency of the
output signal S31 to be produced when a user is about to
operate the operation panel 102; and the frequency threshold
F32 is greater than the frequency threshold F31 and lower
than a frequency ofthe output signal S32 to be produced when
a user is about the operate the automatic document feeder
103a. In this case, if the frequency F3 of the output signal S3
satisfies the following inequality: F31<F3<F32, the control-
ler 1044 of the power controller block 104 will confirm that
the user is about the operate the operation panel 102; if the
frequency F3 of the output signal S3 satisfies the following
inequality: F32<F3, the controller 1044 of the power control-
ler block 104 will confirm that the user is about the operate the
automatic document feeder 103a. The controller 1044 of the
power controller block 104 therefore switches the power sup-
ply mode to normal operation mode and also allows the
operation panel 102 to turn on the backlight and display a
suitable screen.

As described above, in this embodiment, when a user, who
is in any of the first detecting areas 20505 in the second outer
row, stretches out his/her arm to operate the image forming
apparatus 1, the image forming apparatus 1 judges that the
user enters any of the second detecting areas 2050¢ with an
intention to operate the image forming apparatus 1 and
switches its power supply mode to normal operation mode. In
comparison to the conventional technique of switching the
power supply mode only if any button is pressed on the
operation panel 102 or an electrostatic sensor installed on the
operation panel 102 detects a user’s hand is close to the
operation panel 102, the image forming apparatus 1 is
allowed to decrease user wait time before it becomes ready
for operation, by judging in an early stage which power sup-
ply mode should be selected.

Furthermore, in this embodiment, the non-detecting area
20504 is formed between the row of the first detecting areas
20505 and the row of the second detecting areas 2050c¢. By the
presence of the non-detecting area 20504, the output signal
shows a clear sign whether the user enters any of the first
detecting areas 20505 by moving toward the image forming
apparatus 1 or any of the second detecting areas 2050¢ by
moving a part of his'her body forward. Also by the presence
of the non-detecting time, the output signal can be identified
with a high degree of accuracy, as: whether or not the output
signal S2 produced when a user enters any of the first detect-
ing areas 20505 in the second outer row: and whether or not
the output signal S3 produced when a user enters any of the
second detecting areas 2050c. That leads to achieving in
judging with a high degree of accuracy whether or not a user
has an intention to operate the image forming apparatus 1.

Here, it is preferred for the controller 104a of the power
controller block 104 to switch the power supply mode to
normal operation mode, only if the peak value P3 of the
output signal S3 becomes greater than the voltage threshold
V31 or the frequency of the output signal S3 becomes higher
than the frequency threshold F31, within a certain period of
time after a user enters any of the first detecting areas 20505.
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That is, if the peak value P3 of the output signal S3 does not
become greater than the voltage threshold V31 or the fre-
quency of the output signal S3 does not become higher than
the frequency threshold F31, within a certain period of time
after a user enters any of the first detecting areas 20505, then
this user, who is even close to the image forming apparatus 1,
does not seem likely to have an intention to operate without
entering any of the second detecting areas 2050¢ by stretching
out his/her arm forward. This judgment is therefore prefer-
able so that the image forming apparatus 1 will not consume
more power by switching to normal operation mode for noth-
ing. Alternatively it may be preferred for the controller 104a
to switch the power supply mode from sub-level power saving
mode to top-level power saving mode or to another level of
power saving mode.

If the output voltage of the human body sensor 2020 does
not become greater than the voltage threshold V3 or the
output frequency of the human body sensor 2020 does not
become higher than the frequency threshold F3, within a
predetermined period of time after it is judged that a user, who
is in any of the first detecting areas 20505, stretches his/her
arm, i.e.; if the user shows no sign of operating the image
forming apparatus 1 for a long time, then the controller 104a
may judge that the user has already left the image forming
apparatus 1 and switch the power supply mode from normal
operation mode to top-level power saving mode or to another
level of power saving mode.

In the embodiment as described above, the controller 104a
allows the operation panel 102 to display a different initial
operation screen depending on whether a user is about to
operate the operation panel 102 or the automatic document
feeder 103a. Alternatively, the controller 104a may allow the
operation panel 102 to turn on the backlight and display an
initial operation screen, only when detecting that a user enters
any of the second detecting areas 2050¢ by moving his/her
arm forward, without the need of judging whether the user is
about to operate the operation panel 102 or the automatic
document feeder 1034.

Furthermore, in this embodiment, the controller 104a
judges whether or not a user enters any of the second detect-
ing areas 2050¢ by his/her arm, by comparing the peak volt-
age of the output signal S3 to a voltage threshold or compar-
ing the frequency of the output signal S3 to a frequency
threshold. Alternatively, the controller 104a may firstly com-
pare the peak voltage of the output signal S3 to a voltage
threshold; only if it is greater than the voltage threshold,
secondly compares the frequency of the output signal S3 to a
frequency threshold; then only if it is higher than the fre-
quency threshold, finally judge that a user enters any of the
second detecting areas 2050¢ by his/her hand.

FIG. 18 is a flowchart representing the approach and action
detection operation to be performed by the image forming
apparatus 1 when a user enters such a detecting area as illus-
trated in FIG. 16 and moves toward the image forming appa-
ratus 1. The operation is executed by the CPU of'the controller
104a in accordance with an operation program stored on a
memory such as a ROM.

In Step S31 of FIG. 18, the output voltage of the human
body sensor 2020 is measured. The output voltage is mea-
sured every five milliseconds, for example. Before the voltage
measurement, the output signal from an AD converter port
should be subjected to denoising by moving average method.

Then in Step S32, it is judged whether or not the output
voltage reaches a peak. If the output voltage does not reach a
peak (NO in Step S32), the timer starts counting up in Step
S33. Then it is judged in Step S34 whether or not the timer
count indicates the lapse of a predetermined period of time.
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If the timer count does not indicate the lapse of a predeter-
mined period of time (NO in Step S34), the routine returns to
Step S31. If the timer count indicates the lapse of a predeter-
mined period of time (YES in Step S34), the routine proceeds
to Step S35 in which the peak value, the frequency, and the
timer count are reset to raise the power saving level to the top.
Then the routine returns to Step S31.

If the output voltage reaches a peak (YES in Step S32), the
timer count is reset in Step S36. In Step S37, it is confirmed
whether or not a user enters any of the first detecting areas
2050q in the outer row, by judging whether or not peak
voltage is greater than the voltage threshold V1.

It the peak voltage is not greater than the voltage threshold
V1 (NOin Step S37), the routine returns to Step S31 because
it is confirmed that a user does not enter the first detecting area
20504 in the outer row. If the peak voltage is greater than the
voltage threshold V1 (YES in Step S37), then it is confirmed
in Step S38 whether or not the user enters any of the first
detecting areas 20505 in the second outer row, by judging
whether or not the peak value is greater than the voltage
threshold V2.

It the peak voltage is not greater than the voltage threshold
V2 (NO in Step S38), it is confirmed that the user enters any
of'the first detecting areas 20504 in the outer row in Step S39.
In Step S40, the power saving level is lowered down to an
operation mode for restoring power supply to the image pro-
cessor block 100, for example. Then in Step S41, it is judged
whether or not the user moves through the first detecting areas
20504 laterally to the image forming apparatus 1. This judg-
ment operation will be further described below.

The user, who moves laterally to the image forming appa-
ratus 1, sometimes may give a turn to move toward the image
forming apparatus 1 with an intention to operate the image
forming apparatus 1. For example, if five first detecting areas
2050qa are arranged side by side at a certain interval in the
outer row, the user may give a turn at the third detecting area
2050a to move toward the image forming apparatus 1. Upon
obtaining four or more output signals S1, it will be confirmed
that the user moves through the five first detecting areas
2050q in the outer row laterally to the image forming appa-
ratus 1.

That means, it will be judged whether or not the number of
the first detecting areas 2050q having been entered by the user
is greater than a round-off quotient obtained by the following
inequality: the number of the first detecting areas 2050a+2,
which corresponds to the judgment operation in Step S41.

If the user moves through the first detecting areas 2050a
laterally to the image forming apparatus 1 (YES in Step S41),
the routine proceeds to Step S35 in which the peak value, the
frequency, and the timer count are reset to raise the power
saving level to the top again. If the user does not move through
the first detecting areas 20504 laterally to the image forming
apparatus 1 (NO in Step S41), the peak value is stored in Step
S42. Then the routine returns to Step S31.

Back to Step S38, if the peak voltage is greater than the
voltage threshold V2 (YES in Step S38), then it is confirmed
in Step S43 whether or not the user enters any of the second
detecting areas 2050c¢ by stretching out his/her arm toward the
operation panel 102, by judging whether or not the peak
voltage is greater than the voltage threshold V31.

It the peak voltage is not greater than the voltage threshold
V31 (NO in Step S43), it is confirmed that the user enters any
of'the second detecting areas 20505 in Step S44. In Step S45,
the power saving level is further lowered down to an operation
mode for restoring power supply to the engine controller
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block 101 and the operation panel 102 of the image forming
apparatus 1. At this point, the operation panel 102 does not
turn on the backlight yet.

Subsequently, the peak value is stored in Step S46, and the
output voltage of the human body sensor 2020 is measured in
Step S47. Then it is judged in Step S48 whether or not the
output voltage reaches the offset voltage. If the output voltage
does not reach the offset voltage (NO in Step S48), the routine
returns to Step S47 to repeat the voltage measurement of Step
S47 and the judgment of Step S48 until the output voltage
reaches the offset value. If the output voltage reaches the
offset value (YES in Step S48), the timer starts counting up in
Step S49.

Then it is judged in Step S50 whether or not the output
voltage satisfies the following inequality: (offset voltage—ct)
<output voltage<(offset voltage+a). If the output voltage sat-
isfies that inequality (YES in Step S50), the output voltage of
the human body sensor 2020 is measured in Step S51. Then
the routine returns to Step S49 to repeat the timer counting up
of Step S49 and the judgment of Step S50 until the output
voltage does not satisfy the following inequality: (offset volt-
age—o.)<output voltage<(offset voltage+ct).

Ifthe output voltage does not satisfy that inequality (NO in
Step S50), then it is judged in Step S50 whether or not the
timer count representing the non-detecting time of the human
body sensor 2020 is equal to or smaller than a predetermined
value. If the timer count is greater than a predetermined value
(NO in Step S52), then it is confirmed that the user is close the
image forming apparatus 1 with no intention to operate, and
the routine proceeds to Step S35 in which the peak value, the
frequency, and the timer count are reset to raise the power
saving level to the top. Then the routine returns to Step S31.

If the timer count is equal to or smaller than a predeter-
mined value (YES in Step S52), the event that the user has
exited the non-detecting area 20505 is stored in Step S53.
Then the routine returns to Step S31.

Back to Step S43, if the peak voltage is greater than the
voltage threshold V31 (YES in Step S43), then it is confirmed
in Step S54 whether or not the user enters any of the second
detecting areas 2050c¢ by stretching out his/her arm to the
automatic document feeder 103a, by judging whether or not
the peak voltage is greater than the voltage threshold V32.

Ifthe peak voltage is not greater than the voltage threshold
V32 (NO in Step S54), then it is judged in Step S55 whether
or not the user has exited the non-detecting area 2050d. If the
user has exited the non-detecting area 20504 (YES in Step
S55), then it is confirmed that the user enters any of the second
detecting areas 2050c¢ by stretching out his/her arm toward the
operation panel 102, and the routine proceeds to Step S56 in
which the operation panel 102 turns on the backlight and
displays an initial operation screen. Then the routine proceeds
to Step S42. In Step S55, if the user has not exited the non-
detecting area 20504 yet (NO in Step S55), the routine pro-
ceeds to Step S35.

Back to Step S54, if the peak voltage is greater than the
voltage threshold V32 (YES in Step S54), then it is judged in
Step S57 whether or not the user has exited the non-detecting
area 2050d. If the user has exited the non-detecting area
20504 (YES in Step S57), then it is confirmed that the user
enters any of the second detecting areas 2050c¢ by stretching
out his/her arm toward the automatic document feeder 1034,
and the routine proceeds to Step S38 in which the operation
panel 102 turns on the backlight and displays an operation
screen for operating the automatic document feeder 103a4.
Then the routine proceeds to Step S42. In Step S57, if the user
has not exited the non-detecting area 20504 yet (NO in Step
S57), the routine proceeds to Step S35.
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As described above, the controller 1044 changes the power
supply mode accordingly when detecting that the user, who is
close to the image forming apparatus 1, enters any of the
second detecting area 2050c¢ by stretching out his/her arm
forward.

In FIG. 18, the user approach and action detection opera-
tion is performed by comparing the output voltage of the
human body sensor 2020 to voltage thresholds, for example.
Alternatively, it may be performed by comparing the output
frequency of the human body sensor 2020 to frequency
thresholds.

FIG. 19 relates to a third embodiment of the present inven-
tion. In the third embodiment, some structure members cor-
respond to the respective identically numbered structure
members of the first and second embodiment and these will be
omitted in the following description.

In this embodiment, the human body detecting device 2000
has a different configuration of the fly-eye lens 2030 whose
single lenses 2040 form multiple second detecting areas
2050c¢ in a different manner; the human body detecting device
2000 is installed at a reasonable position for the configura-
tion.

Specifically, there are a detecting area 2050e for the opera-
tion panel 102 which serves to detect if a user stretches out
his/her arm to the operation panel 102; and a detecting area
20501 for the automatic document feeder 1034 which serves
to detect if a user stretches out his/her arm to the automatic
document feeder 103a, above and near the top surface of the
image forming apparatus 1. The image forming apparatus 1 is
closer to the detecting area 2050¢ than to the non-detecting
area 20504 and closer to the detecting area 2050f'than to the
detecting area 2050e.

In this embodiment, when a user stretches out his/her arm
to the operation panel 102, this action will be detected by the
detecting area 2050¢ for the operation panel 102, the human
body sensor 2020 then will produce the output signal S3
having a waveform with one peak. When a user stretches out
his/her arm to the automatic document feeder 1034, this
action will be detected both by the detecting area 2050¢ for
the operation panel 102 and the detecting area 2050f for the
automatic document feeder 103q, the human body sensor
2020 then will produce the output signal S3 having a wave-
form with two peaks.

The controller 104a of the power controller block 104
calculates the number of the peaks in the waveform of the
output signal S3. If it is one, it is confirmed that the user is
about to operate the operation screen 102; if it is two or more,
it is confirmed that the user is about to operate the automatic
document feeder 103a. In any of the cases, the controller 104a
switches the power supply mode from power saving mode to
normal operation mode and allows the operation panel 102 to
display a different operation screen depending on the result of
the judgment.

FIG. 20 illustrates another example of the fly-eye lens
2030, which corresponds to FIG. 13.

In this example, there is a block portion 503 over a particu-
lar one of the single lenses 2040 of the second single-lens
group 502 for forming the second detecting areas 2050c¢, in
addition to the block portion 500 that is sandwiched in
between the first and second single-lens group 501 and 502.
While the block portion 500 forms the non-detecting area
20504 between the row of the first detecting areas 20505 and
the row of the second detecting areas 2050¢, the block portion
503 forms a non-detecting area not serving to detect infrared
energy, around at least either one of the detecting area 2050¢
for the operation panel 102 and the detecting area 2050/ for
the automatic document feeder 1034.
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The human body detecting device 2020, having such a
configuration as described above, is allowed to form the
detecting area 2050¢ for the operation panel 102, the detect-
ing area 20501 for the automatic document feeder 1034, and
the non-detecting area 20504 between the detecting areas
2050e and 2050/, which noticeably improves the accuracy in
detecting if a user stretches out his/her arms to the operation
panel 102 or the automatic document feeder 103a.

The present invention, whose one embodiment has been
described in detail herein, can solve the unsolved problems by
its following modes:

[1] An image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage waveform
with a positive or negative peak based on a certain level of
offset voltage, depending on the amount of infrared energy
emitted by a person;

a human body detecting device having the human body
sensor and a lens being positioned to cover the human body
sensor, the lens being configured to form a detecting area
serving for detecting if the person enters, the detecting area
extending outside of the human body detecting device itselfin
front of the image forming apparatus;

a peak detector being configured to detect a peak of an
output signal produced by the human body sensor when the
person enters the detecting area;

an offset voltage judgment portion being configured to
judge if the output signal falls to the offset voltage after the
peak detected by the peak detector;

a moving direction judgment portion being configured to
judge the direction in which the person moves in the detecting
area, on the basis of the peak value of the peak detected by the
peak detector and the judgment result obtained by the offset
voltage judgment portion; and

a mode controller being capable of switching a power
supply mode for controlling power supply to each portion of
the image forming apparatus, between a first operation mode
and a second operation mode requiring less power than the
first operation mode, the mode controller being configured to
switch the power supply mode to the first operation mode if
the power supply mode is found to be the second operation
mode while the moving direction judgment portion judges
that the person moves toward the image forming apparatus.

[2] The image forming apparatus as recited in the foregoing
item [1], wherein:

the peak detector further being configured to detect a first
and second peak at some interval in this order; and

the moving direction judgment portion being configured to
judge that the person moves toward the image forming appa-
ratus, if the peak value of the second peak is greater than that
of the first peak while the offset voltage judgment portion
judges that the output signal does not fall to the offset voltage
between the first and second peaks.

[3] The image forming apparatus as recited in the foregoing
item [1] or [2], wherein:

the peak detector is configured to detect a first and second
peak at some interval in this order;

the moving direction judgment portion is configured to
judge that the person moves away from the image forming
apparatus, if the second peak has a lower peak value than that
of the first peak while the offset voltage judgment portion
judges that the output signal does not fall to the offset voltage
between the first and second peaks; and

the mode controller is configured to switch the power sup-
ply mode to the second operation mode, if the power supply
mode is found to be the first operation mode while the moving



US 9,116,484 B2

29

direction judgment portion judges that the person moves
away from the image forming apparatus.

[4] The image forming apparatus as recited in any one of
the foregoing items [1] to [3], wherein:

the moving direction judgment portion is configured to
judge that the person moves in the detecting area laterally to
the image forming apparatus, if the offset voltage judgment
portion judges that the output signal falls to the offset voltage
after the peak detected by the peak detector; and

the mode controller is configured to switch the power sup-
ply mode to the second operation mode, if the power supply
mode is found to be the first operation mode while the moving
direction judgment portion judges that the person moves in
the detecting area laterally to the image forming apparatus.

[5] The image forming apparatus as recited in the foregoing
item [2], wherein:

the mode controller is capable of switching the power
supply mode between the following three operation modes:
the first operation mode; the second operation mode; and a
third operation mode requiring less power than the first opera-
tion mode but more power than the second operation mode;
and

the mode controller is configured to switch the power sup-
ply mode from the second operation mode to the third opera-
tion mode then from the third operation mode to the first
operation mode, in a step-by-step manner, if the period
between the first and second peak is greater than a predeter-
mined value.

[6] The image forming apparatus as recited in the foregoing
item [2], wherein:

the mode controller is capable of switching the power
supply mode between the following three operation modes:
the first operation mode, the second operation mode, and a
third operation mode requiring less power than the first opera-
tion mode but more power than the second operation mode;
and

the mode controller is configured to:

switch the power supply mode from the second operation
mode to the first operation mode in a direct manner, if the
moving direction judgment portion judges that the person
moves toward the image forming apparatus, within a certain
period of time after judging that the person moves in the
detecting area laterally to the image forming apparatus
because the offset judgment portion judges that the output
signal falls to the offset voltage after the peak detected by the
peak detector; and

switch the power supply mode from the second operation
mode to the third operation mode then from the third opera-
tion mode to the first operation mode, in a step-by-step man-
ner, if the moving direction judgment portion judges that the
person moves directly toward the image forming apparatus
even without moving in the detecting area laterally to the
image forming apparatus.

[7] An image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the amount of
infrared energy emitted by a user;

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the human
body sensor, the fly-eye lens being configured to condense
infrared light, the fly-eye lens consisting of a plurality of
single lenses each being configured to form:

a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human body
detecting device itself and near and in front of the image
forming apparatus;

30

40

45

30

a second detecting area serving for detecting if the user gets
very close to the human body detecting device to take any
action, the second detecting area being positioned outside of
the human body detecting device itself and very near and in
front of the image forming apparatus; and

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in between
the first and second detecting areas;

a non-detecting time detector being configured to detect a
non-detecting time if the human body sensor produces a low
level of output signal corresponding to the presence of the
non-detecting area after an output signal corresponding to the
presence of the first detecting area;

an entry judgment portion being configured to judge if the
user, who is in the first detecting area, enters the second
detecting area by moving a part of the user’s body forward
over the non-detecting area, on the basis of either one of both
of the magnitude and the frequency of an output signal pro-
duced after the non-detecting time; and

a power controller being capable of switching a power
supply mode for controlling power supply to each portion of
the image forming apparatus, between a first operation mode
and a second operation mode requiring less power than the
first operation mode, the power controller being configured to
switch the power supply mode to the first operation mode, if
the power supply mode is found to be the second operation
mode while the entry judgment portion judges that the user
enters the second detecting area by moving a part of the user’s
body.

[8] The image forming apparatus as recited in the foregoing
item [7], further comprising an operation panel being
installed on the top edge of the front side of the main body of
the image forming apparatus or at a position near the top edge
thereof, wherein:

the first detecting area serves to detect if the user moves
toward the main body of the image forming apparatus with an
intention to operate the image forming apparatus; and

the second detecting area serves to detect if the user moves
either one or both of the user’s hand and arm toward and over
the main body of the image forming apparatus including the
operation panel.

[9] The image forming apparatus as recited in the foregoing
item [7] or [8], wherein the entry judgment portion is config-
ured to judge that the user enters the second detecting area by
moving a part of the user’s body and the power controller is
configured to switch the power supply mode from the second
operation mode to the first operation mode, if the output
signal has a peak value greater than a first voltage threshold
set in advance, after the non-detecting time.

[10] The image forming apparatus as recited in the forego-
ing item [9], wherein the power controller is configured to
switch the power supply mode from the second operation
mode to the first operation mode, if the output signal has a
peak value greater than the first voltage threshold within a
certain period of time after the entry judgment portion judges
that the user enters the first detecting area.

[11] The image forming apparatus as recited in the forego-
ing item [9] or [10], wherein the power controller is config-
ured to switch the power supply mode from the first operation
mode to the second operation mode or from the first operation
mode to a third operation mode requiring less power than the
second operation mode, if the output signal has a peak value
equal to or lower than the first voltage threshold within a
certain period of time after the power controller switches the
power supply mode from the second operation mode to the
first operation mode.
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[12] The image forming apparatus as recited in the forego-
ing item [7] or [8], wherein the entry judgment portion is
configured to judge that the user enters the second detecting
area by moving a part of the user’s body and the power
controller is configured to switch the power supply mode
from the second operation mode to the first operation mode, if
the output signal has a frequency higher than a first frequency
threshold set in advance, after the non-detecting time.

[13] The image forming apparatus as recited in the forego-
ing item [12], wherein the power controller is configured to
switch the power supply mode from the second operation
mode to the first operation mode, if the output signal has a
frequency higher than the first frequency threshold within a
certain period of time after the entry judgment portion judges
that the person enters the first detecting area.

[14] The image forming apparatus as recited in the forego-
ing item [12] or [13], wherein the power controller is config-
ured to switch the power supply mode from the first operation
mode to the second operation mode or from the first operation
mode to a third operation mode requiring less power than the
second operation mode, if the output signal has a frequency
equal to or lower than the first frequency threshold within a
certain period of time after the power controller switches the
power supply mode from the second operation mode to the
first operation mode.

[15] The image forming apparatus as recited in any one of
the foregoing items [9] to [11], further comprising an auto-
matic document feeder on the top of the main body of the
image forming apparatus, the automatic document feeder
being positioned slightly more away from the user than the
operation panel is, wherein:

the entry judgment portion is configured to: judge that the
user is about to operate the operation panel, if the output
signal has a peak value greater than the first voltage threshold
but lower than a second voltage threshold that is set to be
greater than the first voltage threshold, after the non-detecting
time; and judge that the user is about to operate the automatic
document feeder, if the output signal has a peak value greater
than the second voltage threshold after the non-detecting
time; and

the power controller is configured to display an initial
screen for normal operation on the operation panel, if the
entry judgment portion judges that the user is about the oper-
ate the operation panel, and is configured to display a screen
for operating the automatic document feeder on the operation
panel if the entry judgment portion judges that the user is
about to operate the automatic document feeder.

[16] The image forming apparatus as recited in any one of
the foregoing items [12] to [14], further comprising an auto-
matic document feeder on the top of the main body of the
image forming apparatus, the automatic document feeder
being positioned slightly more away from the user than the
operation panel is, wherein:

the entry judgment portion is configured to: judge that the
user is about to operate the operation panel, if the output
signal has a frequency higher than the first frequency thresh-
old but lower than a second frequency threshold that is set to
be higher than the first frequency threshold, after the non-
detecting time; and judge that the user is about to operate the
automatic document feeder, if the output signal has a fre-
quency higher than the second frequency threshold after the
non-detecting time; and

the power controller is configured to display an initial
screen for normal operation on the operation panel, if the
entry judgment portion judges that the user is about the oper-
ate the operation panel, and is configured to display a screen
for operating the automatic document feeder on the operation
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panel if the entry judgment portion judges that the user is
about to operate the automatic document feeder.

[17] The image forming apparatus as recited in any one of
the foregoing items [8] to [14], further comprising an auto-
matic document feeder on the top of the main body of the
image forming apparatus, the automatic document feeder
being positioned slightly more away from the user than the
operation panel is, wherein:

the second detecting area includes: a detecting area for the
operation panel, serving for detecting if the user is about to
operate the image forming apparatus; and a detecting area for
the automatic document feeder, serving for detecting if the
user is about to operate the automatic document feeder;

the entry judgment portion is configured to: judge that the
user is about to operate the operation panel, if the output
signal has one peak after the non-detecting time; and judge
that the user is about to operate the automatic document
feeder, if the output signal has two or more peaks after the
non-detecting time; and

the power controller is configured to: display an initial
screen for normal operation on the operation panel, if the
entry judgment portion judges that the user is about the oper-
ate the operation panel; and display a screen for operating the
automatic document feeder on the operation panel if the entry
judgment portion judges that the user is about to operate the
automatic document feeder.

[18] The image forming apparatus as recited in any one of
the foregoing items [15] to [17], wherein the lens is config-
ured to form a non-detecting area not serving for detecting
infrared energy, the non-detecting area being positioned
around either one or both of the detecting area for the opera-
tion panel and the detecting area for the automatic document
feeder detecting area.

[19] The image forming apparatus as recited in any one of
the foregoing items [8] to [18], wherein the non-detecting
area being sandwiched in between the first and second detect-
ing areas is positioned almost directly above the human body
detection device and near the front edge of the operation
panel.

[20] An power control method to be implemented by an
image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage waveform
of'a positive or negative peak based on a certain level of offset
voltage, depending on the amount of infrared energy emitted
by a person; and

a human body detecting device having the human body
sensor and a lens being positioned to cover the human body
sensor, the lens being configured to form a detecting area
serving for detecting if the person enters, the detecting area
extending outside of the human body detecting device itselfin
front of the image forming apparatus;

the power control method comprising:

detecting a peak of an output signal produced by the human
body sensor when the person enters the detecting area;

judging if the output signal falls to the offset voltage after
the peak detected by the peak detector; and

judging the direction in which the person moves in the
detecting area, on the basis of the peak value of the peak and
the result of the judgment on the output signal,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second opera-
tion mode requiring less power than the first operation mode,
the power control method further comprising switching the
power supply mode to the first operation mode if the power
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supply mode is found to be the second operation mode while
it is judged that the person moves toward the image forming
apparatus.

[21] A power control method to be implemented by an
image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the amount of
infrared energy emitted by a user; and

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the human
body sensor, the fly-eye lens being configured to condense
infrared light, the fly-eye lens consisting of a plurality of
single lenses each being configured to form:

a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human body
detecting device itself and near and in front of the image
forming apparatus;

a second detecting area serving for detecting if the person
gets very close to the human body detecting device to take any
action, the second detecting area being positioned outside of
the human body detecting device itself and very near and in
front of the image forming apparatus; and

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in between
the first and second detecting areas,

the power control method comprising:

detecting a non-detecting time if the human body sensor
produces a low level of output signal corresponding to the
presence of the non-detecting area after an output signal
corresponding to the presence of the first detecting area; and

judging if the user, who is in the first detecting area, enters
the second detecting area by moving a part of the user’s body
forward over the non-detecting area, on the basis of either one
ot’both of the magnitude and the frequency of an output signal
produced after the non-detecting time,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second opera-
tion mode requiring less power than the first operation mode,
the power control method further comprising switching the
power supply mode to the first operation mode if the power
supply mode is found to be the second operation mode while
it is judged that the user enters the second detecting area by
moving a part of the user’s body.

[22] The power control method as recited in the foregoing
item [21], wherein:

an operation panel is installed on the top edge of the front
side of the main body of the image forming apparatus or at a
position near the top edge thereof; and

the first detecting area serves for detecting if the user moves
toward the main body of the image forming apparatus with an
intention to operate the image forming apparatus and the
second detecting area serves for detecting if the user moves
either one or both of the user’s hand and arm toward and over
the main body of the image forming apparatus including the
operation panel.

[23] A non-transitory computer-readable recording
medium storing a power control program for making a com-
puter of an image forming apparatus execute processing,

the image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage waveform
of'a positive or negative peak based on a certain level of offset
voltage, depending on the amount of infrared energy emitted
by a person; and
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a human body detecting device having the human body
sensor and a lens being positioned to cover the human body
sensor, the lens being configured to form a detecting area
serving for detecting if the person enters, the detecting area
extending outside of the human body detecting device itselfin
front of the image forming apparatus;

the power control program comprising:

detecting a peak of an output signal produced by the human
body sensor when the person enters the detecting area;

judging if the output signal falls to the offset voltage after
the peak; and judging the direction in which the person moves
in the detecting area, on the basis of the peak value of the peak
and the result of the judgment on the offset voltage,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second opera-
tion mode requiring less power than the first operation mode,
the power control program further comprising switching the
power supply mode to the first operation mode if the power
supply mode is found to be the second operation mode while
it is judged that the person moves toward the image forming
apparatus.

[24] A non-transitory computer-readable recording
medium storing a power control program for making a com-
puter of an image forming apparatus execute processing,

the image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the amount of
infrared energy emitted by a user; and

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the human
body sensor, the fly-eye lens being configured to condense
infrared light, the fly-eye lens consisting of a plurality of
single lenses each being configured to form:

a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human body
detecting device itself and near and in front of the image
forming apparatus;

a second detecting area serving for detecting if the user gets
very close to the human body detecting device to take any
action, the second detecting area being positioned outside of
the human body detecting device itself and very near and in
front of the image forming apparatus; and

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in between
the first and second detecting areas,

the power control program comprising:

detecting a non-detecting time if the human body sensor
produces a low level of output signal corresponding to the
presence of the non-detecting area after an output signal
corresponding to the presence of the first detecting area; and

judging if the user, who is in the first detecting area, enters
the second detecting area by moving a part of the user’s body
forward over the non-detecting area, on the basis of either one
otf’both of the magnitude and the frequency of an output signal
produced after the non-detecting time,

wherein a power supply mode for controlling power supply
to each of the image forming apparatus can be switched
between a first operation mode and a second operation mode
requiring less power than the first operation mode, the power
control program further comprising switching the power sup-
ply mode to the first operation mode if the power supply mode
is found to be the second operation mode while it is judged
that the user enters the second detecting area by moving a part
of'the user’s body.
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[25] The non-transitory computer-readable recording
medium storing the power control program as recited in the
foregoing item [24], wherein:

an operation panel is installed on the top edge of the front
side of the main body of the image forming apparatus or at a
position near the top edge thereof; and

the first detecting area serves for detecting if the user moves
toward the main body of the image forming apparatus with an
intention to operate the image forming apparatus and the
second detecting area serves for detecting if the user moves
either one or both of the user’s hand and arm toward and over
the main body of the image forming apparatus including the
operation panel.

According to the aforementioned modes [1] and [7] of the
invention, and [8], the human body sensor produces an output
signal when a person enters a detecting area radially extend-
ing in front of the image forming apparatus, and the output
signal has a different waveform due caused by a peak and
possibly may fall to the offset voltage after the peak depend-
ing on the direction in which a person moves in the detecting
area. When a person enters the detecting area, the direction in
which the person moves in the detecting area is judged on the
basis of the peak value of the peak and whether or not the
output signal falls to the offset voltage after the peak. If the
power supply mode is found to be the second operation mode
requiring less power than the first operation mode after it is
judged that the person moves toward the image forming appa-
ratus, the power supply mode is switched to the first operation
mode so that the person will not have to wait so long until the
image forming apparatus becomes ready for operation. If the
power supply mode is found to be the first operation mode
already after that, the power supply mode is kept as the first
operation mode.

According to the aforementioned modes [1] and [7] of the
invention, and [8], the human body sensor produces an output
signal when a person enters a detecting area radially extend-
ing in front of the image forming apparatus, and the output
signal has a different waveform due caused by a peak and
possibly may fall to the offset voltage after the peak depend-
ing on the direction in which a person moves in the detecting
area. When a person enters the detecting area, the direction in
which the person moves in the detecting area is judged on the
basis of the peak value of the peak and whether or not the
output signal falls to the offset voltage after the peak. If the
power supply mode is found to be the second operation mode
requiring less power than the first operation mode after it is
judged that the person moves toward the image forming appa-
ratus, the power supply mode is switched to the first operation
mode so that the person will not have to wait so long until the
image forming apparatus becomes ready for operation. If the
power supply mode is found to be the first operation mode
already after that, the power supply mode is kept as the first
operation mode.

As described above, the image forming apparatus is
allowed to change its power supply mode depending on the
direction in which a person moves in one detecting area. In
comparison to the conventional technique of detecting the
direction in which a person moves through a plurality of
detecting areas, the image forming apparatus achieves in
decreasing user wait time before it becomes ready for opera-
tion, by judging in an early stage which power supply mode
should be selected.

According to the aforementioned mode [2] of the inven-
tion, a first and second peak are detected at some interval in
this order; itis judged that the person moves toward the image
forming apparatus, if the peak value of the second peak is
greater than that of the first peak while it is judged that the
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output signal does not fall to the offset voltage between the
first and second peaks; and the power supply mode is
switched to the first operation mode.

According to the aforementioned mode [3] of the inven-
tion, a first and second peak are detected at some interval in
this order; it is judged that the person moves away from the
image forming apparatus, if the peak value of the second peak
is lower than that of the first peak while it is judged that the
output signal does not fall to the offset voltage between the
first and second peaks; and the power supply mode is
switched to the second operation mode if the power supply
mode is found to be the first operation mode while it is judged
that the person moves away from the image forming appara-
tus. As described above, when a person, who is close to the
image forming apparatus, gives a turn to move away from the
image forming apparatus without operating, the image form-
ing apparatus is allowed to change its power supply mode
from the first operation mode to the second operation mode
requiring less power than the first operation mode. This would
contribute to reduction in power consumption.

According to the aforementioned mode [4] of the inven-
tion, it is judged that the person moves in the detecting area
laterally to the image forming apparatus, if it is judged that the
output signal falls to the offset voltage after the peak, then the
power supply mode is switched from the first operation mode
to the second operation mode in an early stage, which would
contribute to reduction in power consumption.

According to the aforementioned mode [5] of the inven-
tion, it is judged that the person moves toward the image
forming apparatus in a slow manner, if the period between the
first and second peak is greater than a predetermined value,
then the power supply mode is switched from the second
operation mode to the third operation mode then from the
third operation mode to the first operation mode, in a step-
by-step manner. That is, the image forming apparatus is
allowed to change its power supply mode depending on the
moving speed of the person, which would contribute to reduc-
tion in power consumption.

According to the aforementioned mode [6] of the inven-
tion, the power supply mode is switched from the second
operation mode to the first operation mode in a direct manner,
ifitis judged that the person moves toward the image forming
apparatus within a predetermine period of time after it is
judged that the person moves in the detecting area laterally to
the image forming apparatus, i.e.; when the person, who
moved in the detecting area laterally to the image forming
apparatus, gives a turn to move toward the image forming
apparatus; and the power supply mode is switched from the
second operation mode to the third operation mode then from
the third operation mode to the first operation mode, if it is
judged that the person moves toward the image forming appa-
ratus without moving in the detecting area laterally to the
image forming apparatus, i.e.; when the person moves
directly toward the image forming apparatus. That is, the
image forming apparatus is allowed to change its power sup-
ply mode appropriately depending on the direction in which a
person moves.

According to the aforementioned mode [7] of the inven-
tion, the human body sensor and the fly-eye lens form: a first
detecting area serving for detecting if a user gets close to the
image forming apparatus, the first detecting area being posi-
tioned outside of the image forming apparatus and near and in
front of the image forming apparatus; a second detecting area
serving for detecting if the user takes any action, the second
detecting area being positioned outside of the image forming
apparatus and very near and in front of the image forming
apparatus; and a non-detecting area not serving for detecting
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infrared energy, the non-detecting area being sandwiched in
between the first and second detecting areas. When the user
enters the first detecting area, the human body sensor pro-
duces an output signal corresponding to the presence of the
first detecting area; and then when the user enters the second
detecting area by a part of his/her body, the human body
sensor produces an output signal corresponding to the pres-
ence of the second detecting area, after a non-detecting time
for which the human body sensor produces only a low level of
output signal corresponding to the presence of the non-de-
tecting area. It is judged whether or not the user enters the
second detecting area by moving a part of his/her body for-
ward over the non-detecting area, on the basis of either one or
both of the magnitude and the frequency of an output signal to
be produced after the non-detecting time. If the power supply
mode of the image forming apparatus is found to be the
second operation mode requiring less power than the first
operation mode while it is judged that the user enters the
second detecting area by a part of his/her body, the power
supply mode is switched to the first operation mode. If the
power supply mode is found to be the first operation mode
already after that, the power supply mode is kept as the first
operation mode.

When auser, who is in the first detecting area, stretches out
his/her arm to operate the image forming apparatus, this
action is detected by the second detecting area and itis judged
that the user is about to operate the image forming apparatus.
The power supply mode of the image forming apparatus is
therefore switched to the second operation mode. In compari-
son to the conventional technique of switching the power
supply mode to the first operation mode only if any button is
pressed on the operation panel or an electrostatic sensor
installed on the operation panel 102 detects that a user’s hand
is close to the operation panel, the image forming apparatus is
allowed to decrease user wait time before it becomes ready
for operation, by judging in an early stage which power sup-
ply mode should be selected.

Furthermore, the non-detecting area is sandwiched in
between the first and second detecting areas. By the presence
of'the non-detecting area, the output signal shows a clear sign
whether the user enters the first detecting area or enters the
second detecting area by a part of his/her body; also by the
presence of the non-detecting time, the output signal can be
identified with a high degree of accuracy, as: whether or not
the output signal corresponding to the presence of the first
detecting area: and whether or not the output signal produced
after the non-detecting time, corresponding to the presence of
the second detecting area. That leads to achieving in judging
with a high degree of accuracy whether or not a user has an
intention to operate the image forming apparatus.

According to the aforementioned mode [8] of the inven-
tion, it is judged with a high degree of accuracy whether or not
the user, who is in front of the image forming apparatus,
stretches out either one or both of his/her arm and hand toward
and over the main body of the image forming apparatus
including the operation panel.

According to the aforementioned mode [9] of the inven-
tion, it is judged that the user enters the second detecting area
by moving a part of his/her body and the power supply mode
is switched from the second operation mode to the first opera-
tion mode, if the output signal has a peak value greater than
the first voltage threshold after the non-detecting time. That
is, the image forming apparatus is allowed to detect with
accuracy if the user enters the second detecting area by a part
of his/her body.

According to the aforementioned mode [10] of the inven-
tion, if the output signal has a peak value greater than the first
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voltage threshold within a predetermined period of time after
it is judged that the user enters the first detecting area, the
power supply mode is switched from the second operation
mode to the first operation mode. That is, the image forming
apparatus is allowed to avoid switching to the first operation
mode for nothing, because the user, who is in the first detect-
ing area, possibly may move away from the image forming
apparatus without operating.

According to the aforementioned mode [11] of the inven-
tion, if the output signal has a peak value equal to or lower
than the first voltage threshold within a certain period of time
after the power supply mode is switched from the second
operation mode to the first operation mode, it is confirmed
that the user has no intention to operate the image forming
apparatus any more. The power supply mode is therefore
switched from the first operation mode to the second opera-
tion mode or from the first operation mode to a third operation
mode requiring less power than the second operation mode,
which would contribute to reduction in power consumption.

According to the aforementioned mode [12] of the inven-
tion, it is judged that the user enters the second detecting area
by moving a part of his/her body and the power supply mode
is switched from the second operation mode to the first opera-
tion mode, if the output signal has a frequency higher than the
first frequency threshold after the non-detecting time. That is,
the image forming apparatus is allowed to detect with accu-
racy if the user enters the second detecting area by a part of
his/her body.

According to the aforementioned mode [13] of the inven-
tion, if the output signal has a frequency higher than the first
frequency threshold within a predetermined period of time
afteritis judged that the user enters the first detecting area, the
power supply mode is switched from the second operation
mode to the first operation mode. That is, the image forming
apparatus is allowed to avoid switching to the first operation
mode for nothing, because the user, who is in the first detect-
ing area, possibly may move away from the image forming
apparatus without operating.

According to the aforementioned mode [14] of the inven-
tion, ifthe output signal has a frequency equal to or lower than
the first frequency threshold within a certain period of time
after the power supply mode is switched from the second
operation mode to the first operation mode, it is confirmed
that the user has no intention to operate the image forming
apparatus any more. The power supply mode is therefore
switched from the first operation mode to the second opera-
tion mode or from the first operation mode to a third operation
mode requiring less power than the second operation mode,
which would contribute to reduction in power consumption.

According to the aforementioned mode [15] of the inven-
tion, it is judged whether the user is about to operate the
operation panel or the automatic document feeder, by com-
paring the peak value of an output signal produced after the
non-detecting time to the first and second voltage thresholds.
Depending on the result of the judgment, a different screen is
displayed on the operation panel.

According to the aforementioned mode [16] of the inven-
tion, it is judged whether the user is about to operate the
operation panel or the automatic document feeder, by com-
paring the frequency of an output signal produced after the
non-detecting time to the first and second frequency thresh-
olds. Depending on the result of the judgment, a different
screen is displayed on the operation panel.

According to the aforementioned mode [17] of the inven-
tion, the second detecting area includes: a detecting area for
the operation panel, serving for detecting if the user is about
to operate the operation panel; and a detecting area for the
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automatic document feeder, serving for detecting ifthe useris
about to operate the automatic document feeder. And it is
judged whether the user is about to operate the operation
panel or the automatic document feeder, by detecting the
number of peaks an output signal produced after the non-
detecting time. Depending on the result of the judgment, a
different screen is displayed on the operation panel.

According to the aforementioned mode [18] of the inven-
tion, another non-detecting area not serving for detecting
infrared energy is formed around either one or both of the
detecting area for the operation panel and the detecting area
for the automatic document feeder detecting area. That is, the
image forming apparatus is allowed to detect with accuracy if
the user enters the detecting area for the operation panel or the
detecting area for the automatic document feeder by a part of
his/her body.

According to the aforementioned mode [19] of the inven-
tion, the non-detecting area being sandwiched in between the
first and second detecting areas is positioned almost directly
above the human body detection device and near the front
edge of the operation panel. That is, the image forming appa-
ratus is allowed to detect with accuracy if the user, who is in
the first detecting area, enters or leaves the second detecting
area.

While the present invention may be embodied in many
different forms, a number of illustrative embodiments are
described herein with the understanding that the present dis-
closure is to be considered as providing examples of the
principles of the invention and such examples are not
intended to limit the invention to preferred embodiments
described herein and/or illustrated herein.

While illustrative embodiments of the invention have been
described herein, the present invention is not limited to the
various preferred embodiments described herein, but
includes any and all embodiments having equivalent ele-
ments, modifications, omissions, combinations (e.g. of
aspects across various embodiments), adaptations and/or
alterations as would be appreciated by those in the art based
on the present disclosure. The limitations in the claims are to
be interpreted broadly based on the language employed in the
claims and not limited to examples described in the present
specification or during the prosecution of the application,
which examples are to be construed as non-exclusive. For
example, in the present disclosure, the term “preferably” is
non-exclusive and means “preferably, but not limited to”. In
this disclosure and during the prosecution of this application,
means-plus-function or step-plus-function limitations will
only be employed where for a specific claim limitation all of
the following conditions are present In that limitation: a)
“means for” or “step for” is expressly recited; b) a corre-
sponding function is expressly recited; and ¢) structure, mate-
rial or acts that support that structure are not recited. In this
disclosure and during the prosecution of this application, the
terminology “present invention” or “invention” may be used
as a reference to one or more aspect within the present dis-
closure. The language present invention or invention should
not be improperly interpreted as an identification of critical-
ity, should not be improperly interpreted as applying across
all aspects or embodiments (i.e., it should be understood that
the present invention has a number of aspects and embodi-
ments), and should not be improperly interpreted as limiting
the scope of the application or claims. In this disclosure and
during the prosecution of this application, the terminology
“embodiment™ can be used to describe any aspect, feature,
process or step, any combination thereof, and/or any portion
thereof, etc. In some examples, various embodiments may
include overlapping features. In this disclosure and during the
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prosecution of this case, the following abbreviated terminol-
ogy may be employed: “e.g.”” which means “for example”,
and “NB” which means “note well”.

What is claimed is:

1. An image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage wave-
form with a positive or negative peak based on a certain
level of offset voltage, depending on the amount of'infra-
red energy emitted by a person;

a human body detecting device having the human body
sensor and a lens being positioned to cover the human
body sensor, the lens being configured to form a detect-
ing area serving for detecting if the person enters, the
detecting area extending outside of the human body
detecting device itself in front of the image forming
apparatus;

a peak detector being configured to detect a peak of an
output signal produced by the human body sensor when
the person enters the detecting area;

an offset voltage judgment portion being configured to
judge if the output signal falls to the offset voltage after
the peak detected by the peak detector;

a moving direction judgment portion being configured to
judge the direction in which the person moves in the
detecting area, on the basis of the peak value of the peak
detected by the peak detector and the judgment result
obtained by the offset voltage judgment portion; and

a mode controller being capable of switching a power
supply mode for controlling power supply to each por-
tion of the image forming apparatus, between a first
operation mode and a second operation mode requiring
less power than the first operation mode, the mode con-
troller being configured to switch the power supply
mode to the first operation mode if the power supply
mode is found to be the second operation mode while the
moving direction judgment portion judges that the per-
son moves toward the image forming apparatus.

2. The image forming apparatus as recited in claim 1,

wherein:

the peak detector further being configured to detect a first
and second peak at some interval in this order; and

the moving direction judgment portion being configured to
judge that the person moves toward the image forming
apparatus, if the peak value of the second peak is greater
than that of the first peak while the offset voltage judg-
ment portion judges that the output signal does not fall to
the offset voltage between the first and second peaks.

3. The image forming apparatus as recited in claim 1,

wherein:

the peak detector is configured to detect a first and second
peak at some interval in this order;

the moving direction judgment portion is configured to
judge that the person moves away from the image form-
ing apparatus, if the second peak has a lower peak value
than that of the first peak while the offset voltage judg-
ment portion judges that the output signal does not fall to
the offset voltage between the first and second peaks;
and

the mode controller is configured to switch the power sup-
ply mode to the second operation mode, if the power
supply mode is found to be the first operation mode
while the moving direction judgment portion judges that
the person moves away from the image forming appa-
ratus.
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4. The image forming apparatus as recited in claim 1,

wherein:

the moving direction judgment portion is configured to
judge that the person moves in the detecting area later-
ally to the image forming apparatus, if the offset voltage
judgment portion judges that the output signal falls to
the offset voltage after the peak detected by the peak
detector; and

the mode controller is configured to switch the power sup-
ply mode to the second operation mode, if the power
supply mode is found to be the first operation mode
while the moving direction judgment portion judges that
the person moves in the detecting area laterally to the
image forming apparatus.

5. The image forming apparatus as recited in claim 2,

wherein:

the mode controller is capable of switching the power
supply mode between the following three operation
modes: the first operation mode; the second operation
mode; and a third operation mode requiring less power
than the first operation mode but more power than the
second operation mode; and

the mode controller is configured to switch the power sup-
ply mode from the second operation mode to the third
operation mode then from the third operation mode to
the first operation mode, in a step-by-step manner, if the
period between the first and second peak is greater than
a predetermined value.

6. The image forming apparatus as recited in claim 2,

wherein:

the mode controller is capable of switching the power
supply mode between the following three operation
modes: the first operation mode, the second operation
mode, and a third operation mode requiring less power
than the first operation mode but more power than the
second operation mode; and

the mode controller is configured to:

switch the power supply mode from the second operation
mode to the first operation mode in a direct manner, if the
moving direction judgment portion judges that the per-
son moves toward the image forming apparatus, within a
certain period of time after judging that the person
moves in the detecting area laterally to the image form-
ing apparatus because the offset judgment portion
judges that the output signal falls to the offset voltage
after the peak detected by the peak detector; and

switch the power supply mode from the second operation
mode to the third operation mode then from the third
operation mode to the first operation mode, in a step-by-
step manner, if the moving direction judgment portion
judges that the person moves directly toward the image
forming apparatus even without moving in the detecting
area laterally to the image forming apparatus.

7. An image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the
amount of infrared energy emitted by a user;

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the
human body sensor, the fly-eye lens being configured to
condense infrared light, the fly-eye lens consisting of a
plurality of single lenses each being configured to form:

a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human
body detecting device itself and near and in front of the
image forming apparatus;

10

15

20

25

30

35

40

45

50

55

60

65

42

a second detecting area serving for detecting if the user gets
very close to the human body detecting device to take
any action, the second detecting area being positioned
outside of the human body detecting device itself and
very near and in front of the image forming apparatus;
and

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in
between the first and second detecting areas;

a non-detecting time detector being configured to detect a
non-detecting time if the human body sensor produces a
low level of output signal corresponding to the presence
of the non-detecting area after an output signal corre-
sponding to the presence of the first detecting area;

an entry judgment portion being configured to judge if the
user, who is in the first detecting area, enters the second
detecting area by moving a part of the user’s body for-
ward over the non-detecting area, on the basis of either
one of both of the magnitude and the frequency of an
output signal produced after the non-detecting time; and

a power controller being capable of switching a power
supply mode for controlling power supply to each por-
tion of the image forming apparatus, between a first
operation mode and a second operation mode requiring
less power than the first operation mode, the power
controller being configured to switch the power supply
mode to the first operation mode, if the power supply
mode is found to be the second operation mode while the
entry judgment portion judges that the user enters the
second detecting area by moving a part of the user’s
body.

8. The image forming apparatus as recited in claim 7,
further comprising an operation panel being installed on the
top edge of the front side of the main body of the image
forming apparatus or at a position near the top edge thereof,
wherein:

the first detecting area serves to detect if the user moves
toward the main body of the image forming apparatus
with an intention to operate the image forming appara-
tus; and

the second detecting area serves to detect if the user moves
either one or both of the user’s hand and arm toward and
over the main body of the image forming apparatus
including the operation panel.

9. The image forming apparatus as recited in claim 8,
further comprising an automatic document feeder on the top
of the main body of the image forming apparatus, the auto-
matic document feeder being positioned slightly more away
from the user than the operation panel is, wherein:

the second detecting area includes: a detecting area for the
operation panel, serving for detecting if the user is about
to operate the image forming apparatus; and a detecting
area for the automatic document feeder, serving for
detecting if the user is about to operate the automatic
document feeder;

the entry judgment portion is configured to: judge that the
user is about to operate the operation panel, if the output
signal has one peak after the non-detecting time; and
judge that the user is about to operate the automatic
document feeder, if the output signal has two or more
peaks after the non-detecting time; and

the power controller is configured to: display an initial
screen for normal operation on the operation panel, if the
entry judgment portion judges that the user is about the
operate the operation panel; and display a screen for
operating the automatic document feeder on the opera-
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tion panel if the entry judgment portion judges that the
user is about to operate the automatic document feeder.

10. The image forming apparatus as recited in claim 8,
wherein the non-detecting area being sandwiched in between
the first and second detecting areas is positioned almost
directly above the human body detection device and near the
front edge of the operation panel.

11. The image forming apparatus as recited in claim 7,
wherein the entry judgment portion is configured to judge that
the user enters the second detecting area by moving a part of
the user’s body and the power controller is configured to
switch the power supply mode from the second operation
mode to the first operation mode, if the output signal has a
peak value greater than a first voltage threshold set in
advance, after the non-detecting time.

12. The image forming apparatus as recited in claim 11,
wherein the power controller is configured to switch the
power supply mode from the second operation mode to the
first operation mode, if the output signal has a peak value
greater than the first voltage threshold within a certain period
of time after the entry judgment portion judges that the user
enters the first detecting area.

13. The image forming apparatus as recited in claim 11,
wherein the power controller is configured to switch the
power supply mode from the first operation mode to the
second operation mode or from the first operation mode to a
third operation mode requiring less power than the second
operation mode, if the output signal has a peak value equal to
orlower than the first voltage threshold within a certain period
of time after the power controller switches the power supply
mode from the second operation mode to the first operation
mode.

14. The image forming apparatus as recited in claim 11,
further comprising an automatic document feeder on the top
of the main body of the image forming apparatus, the auto-
matic document feeder being positioned slightly more away
from the user than the operation panel is, wherein:

the entry judgment portion is configured to: judge that the

user is about to operate the operation panel, if the output
signal has a peak value greater than the first voltage
threshold but lower than a second voltage threshold that
is set to be greater than the first voltage threshold, after
the non-detecting time; and judge that the user is about to
operate the automatic document feeder, if the output
signal has a peak value greater than the second voltage
threshold after the non-detecting time; and

the power controller is configured to display an initial

screen for normal operation on the operation panel, if the
entry judgment portion judges that the user is about the
operate the operation panel, and is configured to display
a screen for operating the automatic document feeder on
the operation panel if the entry judgment portion judges
that the user is about to operate the automatic document
feeder.

15. The image forming apparatus as recited in claim 14,
wherein the lens is configured to form a non-detecting area
not serving for detecting infrared energy, the non-detecting
area being positioned around either one or both of the detect-
ing area for the operation panel and the detecting area for the
automatic document feeder detecting area.

16. The image forming apparatus as recited in claim 7,
wherein the entry judgment portion is configured to judge that
the user enters the second detecting area by moving a part of
the user’s body and the power controller is configured to
switch the power supply mode from the second operation
mode to the first operation mode, if the output signal has a
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frequency higher than a first frequency threshold set in
advance, after the non-detecting time.

17. The image forming apparatus as recited in claim 16,
wherein the power controller is configured to switch the
power supply mode from the second operation mode to the
first operation mode, if the output signal has a frequency
higher than the first frequency threshold within a certain
period of time after the entry judgment portion judges that the
person enters the first detecting area.

18. The image forming apparatus as recited in claim 16,
wherein the power controller is configured to switch the
power supply mode from the first operation mode to the
second operation mode or from the first operation mode to a
third operation mode requiring less power than the second
operation mode, if the output signal has a frequency equal to
or lower than the first frequency threshold within a certain
period of time after the power controller switches the power
supply mode from the second operation mode to the first
operation mode.

19. The image forming apparatus as recited in claim 16,
further comprising an automatic document feeder on the top
of the main body of the image forming apparatus, the auto-
matic document feeder being positioned slightly more away
from the user than the operation panel is, wherein:

the entry judgment portion is configured to: judge that the
user is about to operate the operation panel, if the output
signal has a frequency higher than the first frequency
threshold but lower than a second frequency threshold
that is set to be higher than the first frequency threshold,
after the non-detecting time; and judge that the user is
about to operate the automatic document feeder, if the
output signal has a frequency higher than the second
frequency threshold after the non-detecting time; and

the power controller is configured to display an initial
screen for normal operation on the operation panel, if the
entry judgment portion judges that the user is about the
operate the operation panel, and is configured to display
a screen for operating the automatic document feeder on
the operation panel if the entry judgment portion judges
that the user is about to operate the automatic document
feeder.

20. A power control method to be implemented by an

image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage wave-
form of a positive or negative peak based on a certain
level of offset voltage, depending on the amount of'infra-
red energy emitted by a person; and

a human body detecting device having the human body
sensor and a lens being positioned to cover the human
body sensor, the lens being configured to form a detect-
ing area serving for detecting if the person enters, the
detecting area extending outside of the human body
detecting device itself in front of the image forming
apparatus;

the power control method comprising:

detecting a peak of an output signal produced by the human
body sensor when the person enters the detecting area;

judging if the output signal falls to the offset voltage after
the peak detected by the peak detector; and

judging the direction in which the person moves in the
detecting area, on the basis of the peak value of the peak
and the result of the judgment on the output signal,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second
operation mode requiring less power than the first opera-
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tion mode, the power control method further comprising
switching the power supply mode to the first operation
mode if the power supply mode is found to be the second
operation mode while it is judged that the person moves
toward the image forming apparatus.

21. A power control method to be implemented by an

image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the
amount of infrared energy emitted by a user; and

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the
human body sensor, the fly-eye lens being configured to
condense infrared light, the fly-eye lens consisting of a
plurality of single lenses each being configured to form:

a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human
body detecting device itself and near and in front of the
image forming apparatus;

a second detecting area serving for detecting if the person
gets very close to the human body detecting device to
take any action, the second detecting area being posi-
tioned outside of the human body detecting device itself
and very near and in front of the image forming appara-
tus; and

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in
between the first and second detecting areas,

the power control method comprising:

detecting a non-detecting time if the human body sensor
produces a low level of output signal corresponding to
the presence of the non-detecting area after an output
signal corresponding to the presence of the first detect-
ing area; and

judging if the user, who is in the first detecting area, enters
the second detecting area by moving a part of the user’s
body forward over the non-detecting area, on the basis of
either one of both of the magnitude and the frequency of
an output signal produced after the non-detecting time,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second
operation mode requiring less power than the first opera-
tion mode, the power control method further comprising
switching the power supply mode to the first operation
mode if the power supply mode is found to be the second
operation mode while it is judged that the user enters the
second detecting area by moving a part of the user’s
body.

22. The power control method as recited in claim 21,

wherein:

an operation panel is installed on the top edge of the front
side of the main body of the image forming apparatus or
at a position near the top edge thereof, and

the first detecting area serves for detecting if the user moves
toward the main body of the image forming apparatus
with an intention to operate the image forming apparatus
and the second detecting area serves for detecting if the
user moves either one or both of the user’s hand and arm
toward and over the main body of the image forming
apparatus including the operation panel.

23. A non-transitory computer-readable recording medium

storing a power control program for making a computer of an

image forming apparatus execute processing,
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the image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal having a voltage wave-
form of a positive or negative peak based on a certain
level of offset voltage, depending on the amount of'infra-
red energy emitted by a person; and

a human body detecting device having the human body
sensor and a lens being positioned to cover the human
body sensor, the lens being configured to form a detect-
ing area serving for detecting if the person enters, the
detecting area extending outside of the human body
detecting device itself in front of the image forming
apparatus;

the power control program comprising:

detecting a peak of an output signal produced by the human
body sensor when the person enters the detecting area;

judging if the output signal falls to the offset voltage after
the peak; and judging the direction in which the person
moves in the detecting area, on the basis of the peak
value of the peak and the result of the judgment on the
offset voltage,

wherein a power supply mode for controlling power supply
to each portion of the image forming apparatus can be
switched between a first operation mode and a second
operation mode requiring less power than the first opera-
tion mode, the power control program further compris-
ing switching the power supply mode to the first opera-
tion mode if the power supply mode is found to be the
second operation mode while it is judged that the person
moves toward the image forming apparatus.

24. A non-transitory computer-readable recording medium

storing a power control program for making a computer of an
image forming apparatus execute processing,

the image forming apparatus comprising:

a piezoelectric human body sensor being configured to
produce a variable output signal depending on the
amount of infrared energy emitted by a user; and

a human body detecting device having the human body
sensor and a fly-eye lens being positioned to cover the
human body sensor, the fly-eye lens being configured to
condense infrared light, the fly-eye lens consisting of a
plurality of single lenses each being configured to form:

a first detecting area serving for detecting if the user gets
close to the human body detecting device itself, the first
detecting area being positioned outside of the human
body detecting device itself and near and in front of the
image forming apparatus;

a second detecting area serving for detecting if the user gets
very close to the human body detecting device to take
any action, the second detecting area being positioned
outside of the human body detecting device itself and
very near and in front of the image forming apparatus;
and

a non-detecting area not serving for detecting infrared
energy, the non-detecting area being sandwiched in
between the first and second detecting areas,

the power control program comprising:

detecting a non-detecting time if the human body sensor
produces a low level of output signal corresponding to
the presence of the non-detecting area after an output
signal corresponding to the presence of the first detect-
ing area; and

judging if the user, who is in the first detecting area, enters
the second detecting area by moving a part of the user’s
body forward over the non-detecting area, on the basis of
either one of both of the magnitude and the frequency of
an output signal produced after the non-detecting time,
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wherein a power supply mode for controlling power supply
to each of the image forming apparatus can be switched
between a first operation mode and a second operation
mode requiring less power than the first operation mode,
the power control program further comprising switching 5
the power supply mode to the first operation mode if the
power supply mode is found to be the second operation
mode while it is judged that the user enters the second
detecting area by moving a part of the user’s body.

25. The non-transitory computer-readable recording 10
medium storing the power control program as recited in claim
24, wherein:

an operation panel is installed on the top edge of the front

side of the main body of the image forming apparatus or
at a position near the top edge thereof, and 15
the first detecting area serves for detecting if the user moves
toward the main body of the image forming apparatus
with an intention to operate the image forming apparatus
and the second detecting area serves for detecting if the
user moves either one or both of the user’s hand and arm 20
toward and over the main body of the image forming
apparatus including the operation panel.
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